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XIV! 
The character of the changes which marked the transition from the 
Tertiary to the Quaternary were somewhat unusual, though not 


unique as they were once believed to be. Great as these changes 
were, they were probably not equal in magnitude or importance to 


the changes which marked the transition from one great era of the 


earih’s history to another. The significant changes at the close of 


the Tertiary are those which had to do (1) with the height and extent 


of the land and, perhaps as a result of these changes, (2) with pro- 
found alterations of climate, bringing on (3) glaciation on an extensive 


scale, and causing (4) migrations and mutations of life. 


I. 


THE PHYSIOGRAPHIC CHANGES 


The changes in altitude which affected the North American con- 
tinent late in the Tertiary have not, in most places, been worked out 


in such detail as to lead to numerical results in which implicit con- 
fidence can be placed; but the general tenor of the evidence is har- 
monious, and the main conclusions are probably correct in their 
general terms. They may be summarized briefly as follows: 


' Professor H. F. Osborn’s article on “* Environment and Relations of the Tertiary 
Mammalia,” No. XIII of this series, will appear in a later number of the Journal. 
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1. In the eastern part of the continent, the land is generally 
thought to have stood higher than before by some few hundred feet. 
If the more extreme views of a few of the geologists who have studied 
this question are accepted, the excess of elevation over the present was 
a few thousand feet. 

2. In the larger part of the Mississippi basin, the gain in altitude 
was considerable, though still on‘a relatively moderate scale. In the 
eastern and central parts of the basin it is probably to be measured 
by a few hundreds of feet, rather than by figures of a larger denomina- 
tion. There is some reason for thinking that the important topo- 
graphic features of the central Mississippi basin are chiefly of late 
Tertiary and post-Tertiary origin, developed from a late Tertiary 
peneplain now represented by the summits of the higher hills and 
uplands of the region, a few hundred feet above the general level in 
which the present valleys are sunk. It is true that these summits 
have sometimes been interpreted as remnants of a Cretaceous pene- 
plain; but this conclusion is not firmly established, and the alternative 
suggested above is entitled to consideration. 

3. In the west, the relative uplift in the closing stages of the 
Tertiary and early Pleistocene was greater. The estimates of the 
late Tertiary and post-Tertiary uplift here at one point and another 
range from several hundred feet to several thousand. The figures 
are most definite and perhaps most satisfactory near the Pacific 
coast. In southern California, the uplift at this time has been 
estimated at 1,500 feet; in northern California, 1,500 to 2,000 feet; 
and in the Sierras at 3,000 to 6,000 feet. In Oregon, Pleistocene 
marine fossils are found up to elevations of 1,500 feet, while in and 
about the Cascade Mountains of Washington, an elevation of several 
thousand feet, maximum, seems to be well established. 

In British Columbia, the relative upwarp of the corresponding 
time has been thought to reach an amount comparable to that of the 
Cascade Range. while, farther north, most of the estimates point to 
less extensive changes. The old peneplain which is now at an eleva- 
tion of 6,000 to 9,000 feet in Washington and British Columbia, is 
thought to descend to 4,000 or 5,000 feet far to the north. While 
the age of the deformation which brought the former peneplain of 
these northern lands to its present position has not been fixed with 
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precision, the best opinion seems to place it, or at least its initiation, 
in the late Pliocene and early Pleistocene. 

Students of the western interior have reached no general agree- 
ment as to the amount of late Tertiary and Quaternary change of 
level, but there is general agreement that the land of that region was 
notably higher at the close of the Tertiary, and later, than it had been 
before. The increase in the height of the land amounted, perhaps, to 
a few thousand feet in some places, but was probably far from uniform. 

4. In the West Indies and Central America, the interpretation 
of facts and supposed facts seems to be more or less uncertain. 
Spencer would make the amount of change of level in the West 
Indies within this general period very great, even 8,000 to 11,000 
feet higher than now. Hill would have some portions of Cuba at 
least 2,000 feet higher than now at or since the close of the Tertiary, 
and the Barbadoes 1,100 feet higher at about the same time, while 
Hershey thinks the Isthmus of Panama has been bowed up 1,000 
feet or so since the beginning of the Pleistocene. 

If even the more moderate of these figures are correct, it appears 
that the average relative increase in the altitude of the continent 
must have amounted to several hundred feet at least. This amount of 
elevation must have been adequate (1) to increase erosion by streams 
greatly, this increase resulting both from (a) increase in precipitation, 
and (6) increase in gradient of the streams; (2) to lower in some slight 
measure at least the average temperature of the land, and to increase 
its range; and (3) to reduce the amount of vegetation on the average, 
both because of (a) the unfavorable change in temperature and (6) the 
more rapid erosion. 

Outside of North America, similar changes seem to have been 
in progress. Thus in South America, such determinations as are 
at hand point to an elevation approaching 3,000 feet at a maximum 
on the west coast of South America, since the late Tertiary. Changes 
of similar import, and perhaps of comparable extent, are indicated 
by the facts reported from other continents, though for all but Europe, 
the facts are meager. In Europe, changes of level at the close of the 
Tertiary were not everywhere great, but about the borders of the Alps, 
the increase of elevation is estimated by Penck and Briickner to have 
been 300 to 500 meters. 
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It should be noted that the deformations of this time were more 
important in affecting the height of the land than in affecting its area. 
Yet from the evidence of existing floras and faunas, it seems probable 
that the up-swelling of the contiguous parts of America and Asia were 
sufficient to connect them by way of the Aleutian Islands. Shaler 
and Spencer have urged reasons for thinking that Florida and Cuba 
were connected in the late Pliocene or early Pleistocene, but this con- 
clusion cannot be said to be established. In Europe, within the same 
general period of time, England has probably been joined to the con- 
tinent, and southern Europe to Africa. Submerged valleys on the 
northwestern coast of Europe, if interpreted in the usual way, indicate 
elevations several hundred to a few thousand feet greater than those 
of the present, enough, if some of the estimates are correct, to have 
connected Europe with Greenland and North America. If such a 
connection existed, it must have entailed changes in oceanic circula- 
tion sufficient to have affected the climates of high latitudes in an 
important way. 

The very considerable changes at the beginning of the Quaternary 
were followed by a great succession of changes as the period pro- 
gressed. Some of them reinforced the changes just sketched, and 
some of them were of the opposite phase. Oscillations of level 
during the Quaternary have been more carefully worked out along 
the coast of northern Europe than in America. Unexpectedly enough, 
evidence seems to point to greater depression during the glacial epochs 
than during the interglacial. The amount of the determined oscilla- 
tions of level during the Quaternary range from a few feet to a few 


hundred feet. 


Il. EFFECTS OF PHYSIOGRAPHIC CHANGES ON CLIMATE 


In many parts of the earth, as in the interior and eastern part of 
North America, in Europe, and elsewhere, the increase of elevation 
at the end of the Fertiary was probably not sufficient to be of great 
importance climatically, in a direct way. In other regions, as in the 
western part of North America, on the other hand, the gain in height 
was probably sufficient to produce considerable effects directly. 

In an indirect way, the effect of the increase of average altitude 
of land on climate may have been much more considerable. Erosion 
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was stimulated by the increase of altitude and by the decrease of 
vegetation due to the causes already mentioned. The increased rate 
of erosion led to the removal of the residual earths and alluvium which 
may well have accumulated on the surface to very considerable 
thickness, and the removal of these materials from the surface exposed 
the underlying rock to decay. 

If changes in the constitution of the atmosphere are to be regarded 
as the cause, or as even one cause of climatic change, the increase of 
erosion at the close of the Tertiary would have led to an increased 
consumption of carbon, dioxide, and so may have been responsible 
for the initial step in the series of changes which brought on the glacial 
climate. Though it is, perhaps, too early to affirm that the increased 
altitude of the land at this time was the basal cause which led to the 
cold climate which followed, this is a hypothesis toward which students 
of glacial geology are looking with much hope. 

If the increased height of the land led to increased erosion, and so 
to increased consumption of carbon dioxide, the reduction of the 
amount of this gas in the atmosphere would have lowered the tempera- 
ture everywhere. The resulting decrease in the temperature of the 
sea would have led to an increased solution of carbon dioxide from 
the atmosphere, thus depleting the atmospheric supply still further, 
and this, in turn, reacted upon the temperature and became a cause 
of its further reduction. This cause, therefore, once in operation, 
must have continued with increased effectiveness until the decay of 
rock was checked by decrease of altitude or temperature, or by the 
accumulation of ice-sheets which protected the rock beneath from 
ready carbonation. 


Ill. THE DIRECT IMPORTANCE OF THE ICE-SHEETS THEMSELVES 


Irrespective of the cause of the glacial climate, the covering of six 
million or more square miles of land in the northern hemisphere with 
ice hundreds and thousands of feet in thickness was in itself an extra- 
ordinary event which might well serve as an important landmark in 
geologic history. The ice-sheets, and especially the remarkable 
successions of ice-sheets, might appropriately be emphasized as proof 
of one of the most remarkable climatic incidents in the history of the 
earth, so faras now known. But apart from its great climatic signifi- 
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cance, each ice-sheet meant the relatively rapid superposition upon the 
northern continents, over the great areas indicated, of a new layer of 
rock, the ice, which for tracts of millions of square miles must have 
had a thickness exceeding a thousand feet, and perhaps a thickness of 
several thousand feet. The aggregate volume of this new rock, 
superposed on the northern parts of the northern continents, was such 
that it could only have been measured in terms of millions of cubic 
miles. The withdrawal of its substance from the sea effected a cor- 
responding lowering of its surface, an appropriate extension of land, 
and an increase in its height above the sea. 

Though this great body of rock new-laid upon the lands was 
temporary in its character, primarily because of the low temperature 
at which its substance assumed the liquid form, it was of great 
importance, from a geologic point of view, in more ways than one. 

1. In the first place, the loading of millions of square miles of land 
with such a weight must have had an appreciable effect upon crustal 
movements, if the doctrine of isostasy has validity, and its disappear- 
ance, under climatic conditions which developed later, must have 
produced movements of the same class, but of opposite phase. 

2. Again, the development of the ice-sheets put a virtual stop to the 
processes which had been in operation over six millions of square 
miles of the land, and set other processes into operation in the same 
places. Thus the normal phases of river work were suspended, most 
rivers within the ice-covered area ceasing to flow altogether. The 
usual phases of rock weathering and decay were practically stopped 
over the same areas, areas which, in the aggregate, were a very con- 
siderable fraction of the surface of the land. On the other hand, a 
new process of erosion was substituted for the old—erosion not 
restricted chiefly to the removal of decayed rock. 

3. The changes in erosion were hardly greater than those in 
sedimentation, for instead of the assortment and separation of 
decayed material into its several physical classes before deposition, 
fine sediments and coarse, largely of undecayed material, were left 
promiscuously commingled. Thus on a large scale and over enor- 
mous areas deposits were made which were unlike those of comparable 
extent at any other stage of the earth’s history, unless at times when 
climates were similar. 
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4. It should be noted further that the changes in the processes of 
erosion and sedimentation—changes in kind as well as in rate—were 
not limited to the areas actually covered by the ice, or even to the 
areas affected by drainage from it, or by icebergs which floated out 
beyond its edge. Modifications of erosion and sedimentation were felt 
in all areas affected, directly or indirectly, by the change of climate. 

The great ice-sheets, with the recurrent disturbance which they 
probably occasioned in the crust of the earth and the lesser changes 
in the surface of the ocean; with their recurrent inhibition of the usual 
processes of erosion and sedimentation over great areas; with their 
recurrent modification of these processes over other great areas 
beyond the ice-sheets themselves; and with their recurrent inaugura- 
tion on a large scale of processes of erosion and sedimentation which 
were unusual, might, without consideration of further changes of an 
indirect character, furnish adequate bases for important time divisions. 
Especially is this the case since the influence of the ice-sheets must 
have been felt in a physical way, throughout most if not all the earth. 


IV. CHANGES IN LIFE 


The great changes in the physical processes, which this on-com- 
ing of the ice-sheets brought into operation, effected corresponding 
changes in life, and in the processes which depend on life. In the 
first place, the total amount of land life must have been greatly 
reduced. If account be taken of mountain glaciation in both hemi- 
spheres as well as of the ice-sheets, it is probably within the limits of 
truth to say that conditions became so far inhospitable as nearly to 
eliminate land life from about one-seventh of the land of the globe, and 
to have rendered conditions relatively inhospitable over a still larger 
area. The effect upon the life of the sea is less easily stated, but it 
also must have been great, for the average reduction of the tempera- 
ture of the sea must have been considerable. 

The crowding of land life off 8,000,000 square miles, more or less, 
must have tended to concentrate it upon the land which still remained 
hospitable, and to decimate or exterminate those forms which could 
not migrate readily. Migration must have been forced upon the 
sea life as well as upon that of the land, and the shifting of the zones 
of both must have resulted in a shifting of the sites of organic deposi- 
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tion, perhaps especially of the sites where limestone was made. 
At the same time, the rate at which it was formed, the whole earth 
considered, was probably much reduced. 

It would seem, from the series of physical changes sketched, that 
very profound changes in life should have followed, but it must be 
confessed that, in spite of the conditions which it would seem must 
have been favorable for great destruction of life, and for imposing 
great modifications upon that which survived, statistical evidences of 
the changes which followed are less impressive than would have been 
expected. The data at hand do point to extensive migrations, but 
not to the exterminations and profound modifications which might 
have been anticipated. It seems impossible to think that the changes 
of climate which drove musk oxen to Kentucky and Virginia, and 
Arctic plants and reindeer to the lowlands of central Europe and to the 
Mediterranean, were without very profound biologic significance, 
unless the life of the earth had reached a condition of far greater 
stability than that of earlier times, when lesser physical changes seem 
to have produced greater biological changes. 

One of the features of the late Tertiary land life, and especially 
of the floras, seems to have been the great extent to which types were 
mingled. This mingling of tropical or sub-tropical forms with 
temperate and boreal ones seems to have begun as early as the middle 
of the period. The oscillations of climate which marked the Pleisto- 
cene seem to have had a sifting influence upon the migratory forms, 
and to have forced them to special adaptations and habitats as the 
period progressed. This is suggested, for example, by the floras of 
America and Eurasia. Gray pointed out long ago that the forest 
flora of the eastern part of North America is more like that of Japan 
than like that of the western part of our own continent. In Europe, 
the north-south and south-north migration of the floras as ice-sheets 
advanced and receded was interfered with by the east-west mountain 
ranges and by the seas bordering Europe on the south. In eastern 
Asia and America, on the other hand, the back-and-forth migration 
of the floras was facilitated by the greater continuity of land between 
high and low latitudes, and in America at least, by the absence of 
east-west mountain ranges. In the western part of the United States, 
the irregular topography made repeated latitudinal migrations of the 
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floras more difficult than in the eastern part, though perhaps less 
difficult than in Europe. In eastern Asia and in eastern America, 
where migration was relatively easy, the forest flora is much larger 
than in Europe or western North America. Thus Atlantic America 
and Pacific Asia have each 66 genera of forest trees, while Pacific 
America and Europe have but 31 and 33 genera respectively, and the 
number of species is approximately in keeping with the number of 
genera. 

Vulcanism has been regarded as a factor which decreased the flora 
in the western part of North America as compared with the eastern; 
but since the floras were much the same throughout the Tertiary in 
all northern lands, and since the climax of Cenozoic vulcanism came 
as early as the Miocene, the importance of this factor in impoverishing 
the Pleistocene life of the western part of the United States may be 
questioned. Furthermore, it has little or no application to Europe, 
where the flora was equally reduced. 

The to-and-fro movements of the land faunas and floras must have 
introduced an elaborate series of superpositions, giving an elaborate, 
orderly, and unusual succession. The record of this succession has 
not been worked out in its completeness, and unfortunately there is 
little chance that it will be worked out in its fulness unless by the 
most persistent care. In the regions which were glaciated repeatedly, 
the advance of each ice-sheet destroyed, in most places, the record of 
the successive floras and faunas which had lived since the preceding 
retreat, so that, within the area glaciated, the succession of successions 
is hardly likely to be found in its entirety in any one place, and perhaps 
not in all places. Outside the area which was glaciated, especially 
near the borders of the regions occupied by the successive ice-sheets, 
there is better chance that a complete record of the biological changes 
may have been preserved. The peat bogs of such regions might be 
expected to give complete records if they had endured continuously 
since the time of the first glaciation; but peat bogs are themselves 
temporary, and it is perhaps too much to expect that complete record 
of the migrations of life during the successive epochs of the glacial 
period will ever be found at any one place. 

The records, however, of the post-glacial peat bogs are such as to 
give some indication of the results which would probably be found 
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if all the migrations could be ascertained. Thus in Scandinavia 
and Denmark, we have a succession of post-glacial floras, the first cor- 
responding in a general way to the present vegetation of the tundra, 
the second a forest vegetation dominated by the birch and poplar, 
the third a forest vegetation dominated by pines, the fourth, one 
dominated by the oak, etc., the fifth a flora similar to that of the 
Black Forest Mountains, indicating a temperature warmer than that 
of today for the same region, and finally, a southward retreat of the 
last flora to its present latitude. The first five members of the succes- 
sion seem to correspond with the half of a normal interglacial series. 
If this interpretation is correct, this series of five floras would be nearly 
doubled with the on-coming of another glacial epoch, and this doubled 
series must have been repeated, substantially, several times in the 
course of the long succession of glacial epochs. Fragments of inter- 
glacial records have been found both in America and Europe. Ina 
few cases they are full enough to encourage the hope that when their 
number is duly increased, they may be pieced together into consistent 
wholes. It is too much to expect that they will ever be as complete 
as the record of post-glacial life. 

It is not now apparent just how far biologic or paleontologic data 
of the Pleistocene, except from their record of climatic changes, are 
to be significant in correlation. Aside from the mammals, changes 
of species have been insignificant. Even among mammals, it is not 
clear that the dying-out of species in one locality was contemporaneous 
with the disappearance of the same species in other localities. A 
stratigraphic basis for this interpretation would be needed before it 
could be accepted. So far as all other forms of life are concerned, 
the paleontologic record of one interglacial epoch must have been 
essentially identical with that of another, if the intervals were equally 
long and mild. 

Perhaps more help in correlation may be looked for in another 
direction. Intercontinental migrations, it would seem, must have 
been virtually restricted to interglacial epochs. The times when 
species first appeared in a given region may therefore prove to be 
much more significant in correlation than the times when species 
died out. 

Something perhaps may be hoped for in the careful study of the 
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records of oscillations of level, during the period; but it seems clear 
that different parts of the same continent have suffered minor or even 
considerable deformations, independently of others. If it were 
established that opposite sides of an ocean basin were less independent 
in this respect—a doctrine for which much might be said—the 
movements on opposite sides of an ocean basin might be a hopeful 
line of research; but it cannot, at the present time, be said to have led 
to important conclusions. 

It would appear that only through a combination of stratigraphic, 
climatic, paleontologic, and orogenic studies, carried out in greater 
detail than they have yet been, can important results in the correla- 
tion of Quaternary formations be reached, between widely separated 


areas. 


PALEOGEOGRAPHIC MAPS OF NORTH AMERICA! 


BAILEY WILLIS 
U. S. Geological Survey 


QUATERNARY NORTH AMERICA 

North America during the Quaternary presents very unusual 
features. The land area is large. The margin of the continental 
plateau is now somewhat submerged, but probably has not been so 
throughout the period. Marine embayments are not extensive, 
except Hudson Bay, which is a fair example of the smaller epi- 
continental seas that have spread over various parts of the continent 
in the past. Mountain systems that are great in extent and height 
have grown from the places of the early Tertiary ranges of the Cordil- 
lera, which had been deeply eroded before the Pliocene. The 
Appalachian Mountains, which began to rise above the plains of 
eastern America possibly as early as the Eocene and which toward 
the close of the Miocene had ceased to grow at something less than 
half their present greatest height, have been raised to their existing 
altitudes during the Quaternary. 

These mountain features of North America are paralleled or 
exceeded in other continents and the period is thus characterized as 
one during which the forces that raise mountains have been decidedly 
active. 

In late Tertiary time great differences of climate developed. The 
equatorial, temperate, and polar zones became much more unlike 
than they ever had been, according to the geologic record. The 
Quaternary is distinguished by the development, the advances, and 
retreats of several ice sheets, whose combined areas are shown on the 
map. ‘The expanse of ice was at no one time so great, but the entire 
area shown as ice was covered at one time or another, and some parts 
of it several times successively, by continental glaciers. 

‘ Published by permission of the Director of the U. S. Geological Survey. 


600 


= 

| 
OCE 
MAI 
CON 
LINC] 
LAN 
ICE 
MAR’ 

° 


OCEANIC BASINS 


MARINE WATERS 
; CONTINENTAL DEPOSITS, SOMETIMES 
INCLUDING MARINE SEDIMENTS 
LANDS 


ICE 


MARINE CURRENTS 


PALEOGEOGRAPHIC MAPS OF NORTH AMERICA 


QUATERNARY 
NORTH AMERICA 


LEGEND 


EQUATORIAL 


601 
MOY 
= === & 


602 BAILEY WILLIS 


The developments of topography and climate, including polar 
refrigeration and corresponding modifications of oceanic conditions, 
have greatly changed the environment of plants and animals, and 
have resulted in special phenomena of competition and adaptation, 
through which existing forms have been evolved. 


ORIGINATION OF SELF-GENERATING MATTER AND 
THE INFLUENCE OF ARIDITY UPON ITS 
EVOLUTIONARY DEVELOPMENT 


DR. D. T. MACDOUGAL 


XV 

Any attempt at an interpretation of a desert landscape, with its 
diversity of forms, isolation of individuals, and scarcity of organic 
matter in the soil, leads inevitably to a consideration of the theoret- 
ical conditions which would be necessary in the origination of the 
physical basis of life, its development into organisms known to us 
in the living and fossil state, and also of the possibilities of the oc- 
currence of a re-generation at the present time. 

From almost every excursion which the biologist has made into this 
inviting field of speculation on which he has called to his aid various 
extreme or unusual intensities of the factors to be taken into account, 
he has been ruthlessly recalled by the geological historian with the 
reminder that the general composition of the atmosphere, its pres- 
sure, the temperatures, and other conditions prevalent on the earth’s 
surface were uniform and continuous with those now encountered 
and not widely different, in their total departure, in any stage of 
terrestrial development in which life might have originated. 

Now we are not able to discover that living or self-generating 
matter is actually being formed anew on the earth’s surface at the 
present time, and in the absence of positive evidence we are com- 
pelled to say that all life now in existence must have descended from 
forms which had their ultimate origin in other times and under 
other conditions than those now prevalent. 

A consideration of the phyletic aspects of fossil and living forms 
of plants yields but little, which might serve as an indication of the 
conditions under which the earlier forms developed. Even the earliest 
remains include such advanced types as the ferns and cycads. The 
amount of progress represented by the derivation of the gameto- 
petalous seed-plants from these, in comparison with the preceding 
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evolution, is quite insignificant, while even the simpler forms of 
animals and plants are to be considered as types widely divergent 
from primitive self-generating matter, being removed from it by the 
slow but sure advances of untold millions of years of development. 

It is, therefore, as if we had observed the events and objects of 
yesterday and were called upon to read the history of the past cen- 
tury. In the search for supporting ideas upon which to base specu- 
lation, two conceptions serve as encouragement for a renewed attack 
upon this fascinating problem. One is embraced by Chamberlin’s 
planetesimal theory of the growth of the earth and the attendant 
modification of surface conditions, which necessarily showed a com- 
plex widely different from the present, and the other is one, growing 
in favor with physiologists, to the effect that the essential activities of 
living matter rest upon catalysis, and enzymatic processes, with the 
characteristic reaction velocities directly affected by internal and 
external limiting factors. The protamic nucleus may be taken to 
represent the first form in which self-generating matter might be said 
to have the characters of protoplasm, but previously to its synthesis 
there must have occurred an increasingly complex series of carbon 
compounds, with hydrogen, oxygen, nitrogen, sulphur, and phos- 
phorus, while iron, calcium, magnesium, and potassium are also 
involved in its activities at the present time. That these main con- 
stituents were present in the atmosphere at partial pressures of 
varying intensity, and that unstable carbides, nitrates, phosphides, 
and sulphides brought by infalling planetesimals were passing into 
more stable unions with the formation of hydrocarbons, ammonia, 
hydrogen phosphide, etc., is suggested by Chamberlin, and _ the 
possible interactions and combinations might result in the synthesis 
of very complex substances, well up toward the simpler forms of 
living matter. The hypothesis formulated by him also assumes that 
the surface of the earth was unworn piled talus, but little of which 
had gone into solution. The development of the hydrosphere 
moistening this layer, and forming pools and small bodies of water 
all exposed to the light of the sun, together with the variations in 
temperature, partly due to the heat of impact of infalling bodies, the 
influence of magnetic fields induced by bodies circulating about the 
earth would determine the paths of ions and electrons traversing 
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them, while in addition other states of ionization, due to radioactivity, 
would all be possible factors contributory to a synthesis that might 
form a beginning of the physical basis of life. Any resulting thermo- 
catalyzer would be a possible agent for self-organization, and in the 
development of an organic type its characteristic activities would 
consist in the degradation, or reduction of the potential energy of the 
medium or substratum and the oxidation of the acquired substances. 
Living matter is in fact a thermal engine in which the oxidation is, 
comparatively, exceedingly slow. 


Fic. 1.—Mud-volcanoes of Lower California, in and around which unusual oppor- 
tunities for chemical combination are offered by the conditions of temperature and 
pressure. 

No process observable by available physiological methods sug- 
gests the origination of living matter, yet it seems quite probable 
that combinations similar, analogous, or even identical with the 
earliest forms of living matter might be produced in the laboratory, 
in inclosed spaces or under special conditions. Doubtless compounds 
of much greater intricacy have been made, but while we might make 
such substances, yet it would be extremely difficult for us to furnish 
the supply of material and the continuance of conditions which 
would permit this matter to exercise its initial functions of self- 
generation to any appreciable extent. The starting of a strain of 
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living matter which might perpetuate itself and evolve into differen- 
tiated forms will long remain one of the most difficult feats which 
confronts the experimenter. The tests and criticisms which have 
been applied to the results of the few essays that have been made 
for the production of bodies which would be self-maintenant in a 
suitable medium, have been, for the most part, misdirected. ‘Thus 
in the consideration of the hitherto unsuccessful efforts to produce 
bodies simulating some of the properties of self-generating matter, 
tests for the physical and chemical properties of protoplasm as well 
as for phenomena of the cell have been applied, regardless of the 
fact that the cell probably stands removed by a million years of 
evolution from the simple living material which first took shape, 
and represents, in fact, simply a successful form of organism and by 
no means the only possible morphological organization. 

Such misuse of criteria has doubtless operated to curb research 
and discourage experimentation, and while it may have seemed 
soundly conservative for Kelvin to say: 

But let not youthful minds be dazzled by the imaginings of the daily news- 
papers that because Berthelot and others have thus made foodstuffs they can 
make living things, or that there is any prospect of a process being found in 
any laboratory for making a living thing. ... . There is an absolute distinction 
between crystals and cells. Nothing approaching to the cell of a living creature 
has ever vet been made,! 
yet the actual accomplishment of self-generating matter is, as sug- 
gested above, a theoretical possibility in the laboratory. The pro- 
vision of a proper nutritive environment would present greater 
difficulties than the construction of a thermo-catalyzer capable of 
sustaining itself in a proper medium. 

After growth and decay, the next most important property of 
living matter is that of irritability, of impressibility, and of accommo- 
dation to environment. The basic substance of protoplasm endured 
because of a capacity for withstanding the current range of tem- 
perature and insolation, and this endurance was made possible by 
fairly automatic adjustments, one of the simplest of which is encoun- 
tered in recognizable form in living plants today in the decrease of 
water content, following lower temperatures acting upon proto- 
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plasm. Few adjustments are so simple, and, of course, more com- 
plicated ones became possible as atomic group after atomic group 
was added to the constituency of living matter. 

Along with these acquisitions the feature of the rhythmic action 
which has become so characteristic and important for the living 
growth is to be considered, and this with contractility is dependent 
upon surface tension, viscosity, etc. 

So far the properties suggested are those common to all living 
forms, but there must have ensued many differentiations of living 
matter, of which we have two survivals in plants and in animals. It 
seems probable that the first specialization resulted from the forma- 
tion of substances in some of the living masses which converted radia- 
tions of certain wave-lengths into heat and other forms of energy 
active in promoting the reduction processes. A fortuitous move- 
ment toward such specialization may indeed have been the factor 
that made for survival in an environment of decreasingly avail- 
able supply of chemical energy. The highest development of this 
power of absorption of light rays is to be assigned to chlorophyll, 
but preceding the formation of this very intricate and unstable sub- 
stance there may have occurred a series of other compounds acting 
as heat-absorbent screens, of which the reddish and bluish pigments 
of the lower algae are surviving examples. Many disintegration 
products constituting the reds and blues of plant tissues sustain 
physical relations of a similar character to sunlight. 

It is not possible to formulate any rational conception of living mat- 
ter without including its environmental relations. ‘These become of 
the utmost importance at the moment of formation of self-generating 
matter, and it may be assumed with perfect safety that of all the pos- 
sible synthetic processes only those which ensued in the presence of a 
medium which furnished substances suitable for building material 
could survive. Furthermore, when the accumulation of this material 
and its specialization is considered it is apparent that successful 
origination occurred only on solid or semi-solid substrata rather than 
in undifferentiated solutions in open waters. Still an abundance of 
this liquid would be of great importance to the colloidal masses which 
we may think of as the earliest living things, and, as will be shown 
presently, water has continued to be the most important of all of 
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the constituents of development especially with regard to the vegetal 
organism. The first method of multiplication of individuals or 
colloidal masses undoubtedly consisted of simple fragmentation 
resulting from the accumulation of a mass too great to be held together 
by surface tension, and the separation of these masses must have 
been accomplished, or made possible by flotation which continues 
to be one of the most efficient agencies in the dissemination of plants, 
a fact specially emphasized by the results of our studies upon the 
revegetation of the Salton Basin. 

An early specialization of structure probably rested upon the 
reduction of portions of the self-renewing colloidal masses from the 
suspended condition of a sol to the condition of a gel, and doubtless 
the limiting membranes of protoplasmic masses depend upon this 
process. Likewise some form of centrum resulted from congelation 
processes by activities of a nature elementary to the relations of the 
nucleus and cytoplasm in the modern cell. 

Wherever portions of the colloidal mass came into contact with 
solid substances gelation or aggregation ensued, and the masses of 
material thus differentiated would give form and stability in place, 
representing the earliest form of anchorage organ. In this as well 
as in other features of the plant, evolutionary development was slow 
so long as the monotonous conditions of an aquatic habitat were to 
be met. Very simple processes or extrusions from a cell or coenocyte 
of this general nature are still to be encountered among certain algae. 

As soon, however, as it was left stranded by the disappearance of 
the shallow waters in which it may have lived, or was lifted above the 
water level by any means, the diversified conditions encountered by the 
organism, including desiccation, exercised a differentiating effect on the 
root-organ scarcely less marked than those which may be ascribed to 
the same agency in the shoot. The necessity for anchorage was no 
less, but now the nutritive substances no longer bathed the entire 
body but were present only in hygroscopic solutions on the soil 
particles with a vertical distribution not uniform, and with much 
horizontal irregularity. Survival depended upon the formation of 
specialized tracts for absorption, and conduits for the transport of 
solutions from the organ of fixation to other parts of the living mass. 
It is to be noted, however, that the modern root arose anew from the 
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vegetative axis, and is therefore not directly derived from the primi- 
tive anchorage organs described. 

The present occasion does not warrant a discussion of the evolu- 
tionary development-of the vegetal organism from the colloidal mass 
to the gametophyte, now represented by the prothallium of ferns 
and their allies. Neither is it necessary to recall details of plant 
anatomy further than to point out that the earlier forms of plants, 
co-ordinately with the monotonous conditions offered by their ac- 
quatic habitats, showed no differentiation of tissues comparable 
with that of the axis of the modern seed-plant, and that their 
flattened bodies were for the most part closely appressed or adherent 
to the substrata. ‘The development of the sexual type of reproduc- 
tion in such forms had been followed by a habit of formation of the 
sexual organs separately, perhaps some distance apart on the upper or 
lower surfaces of the body. In the functionation of such organs the 
two kinds of protoplasts representing the sexual elements would be 
set free at the surface of the body and accomplish union while swim- 
ming freely, or in higher stages of development, the one representing 
the egg-cell would remain in place, while the fertilizing protoplast, 
or spermatozoon would find its way to it. In either case free water 
was absolutely necessary for reproduction. The body of the plant 
might be partially or completely immersed, or it might have only a 
thin film coating the surface, through which the sexual elements must 
move, but in either case the plant could not survive away from the 
margins of streams, seas, and lakes, or up out of the moist lowlands, 
or beyond the borders of rainy regions. 

The thallose forms carrying on sexual reproduction do not appear 
to have been capable of the morphological development which might 
have gained them independence from the water, and this freedom 
was gained only after a secondary, asexual generation came into 
existence. 

In the general movement which finally resulted in a land flora, 
the fertilized egg held in the body of the thallus would germinate 
in place, developing into a vegetative structure (the sporophyte) 
unlike the thallus which bore the egg. Then cells were cut off, or 
separated from the body of this alternate generation, known as the 
sporophyte, which had the power of developing into thalli like the 
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Now the germination and growth of these asexually pro- 


duced spores could proceed in the absence of free water, and in 
ordinary soil in which all of the water present was represented by 


Fic. 2.—The gametophyte, or sexual 
generation of a fern. Reproduction is 
accomplished by the movement of a 
sperm (a) from the antheridium A to 
the archegonium B where it fuses with 
the egg, accomplishing fertilization. The 
sperm swims through a thin film of water 
which may be present. The absence of 
the film by aridity is unfavorable to the 
reproduction and continuation of this 
type of vegetation. The germination of 
the egg produces the sporophyte or fern 


plant ordinarily known (see Fig. 3). 


the hygroscopic layer coating the 
minute particles of which it is com- 
posed. 

Even with this development, 
however, plants could not get very 
far from the water, since this ele- 
meat in a free state was still neces- 
sary for the activities of the gameto- 
phyte, or sexual generation. The 
sporophyte, however, continued to 
increase in size and to wax in 
importance in the life-cycle of the 
species, until finally its body was 
much larger than that of the 
gametophyte. This feature is well 
illustrated by the tree ferns in which 
the sporophyte is a massive plant 
while the prothallium, or sexual 
generation, is a small thallose 
structure only a few millimeters 
across. 

Eventually, however, the spores 
formed by the sporophyte, capable 
of living on dry land, were germi- 
nated in place, giving rise to sexual 
individuals, which were also held 
and nursed in the tissues of the 
sporophyte. Then in completion 
of the movement, accessory struc- 
tures, including the pollen-tube, 
were formed, by which the sexual 


reproductive elements might be brought together independently of 


external conditions. 


By these steps the seed-plant originated and 


vegetation became truly and wholly able to occupy the land—a most 
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momentous change, and one of great importance in connection with 
the general subject under consideration. 

Temperatures alone have been unduly drawn upon in the inter- 
pretation of distributional features of ancient and existing floras, 
a fact made more plainly apparent by recent observations at the 
Desert Laboratory, in which it has been found that several species 
range over a vertical mile. Such species endure cold of — 35° C. and 
have a growing season of less than a hundred days in the more boreal 
or alpine portion of their ranges, while in the southern or lower locali- 
ties inhabited by them, temperatures of 48° C. may be encountered; 
the growing season extending over 300 days; the thermometer going 
below the freezing-point not more than 12 hours during the entire 
year. 

It is with no surprise, therefore, that it is learned that there is 
no single feature in the structure and functionation of plants that 
with perfect assurance may be connected with the influence of tem- 
perature alone, although alpine and polar floras bear a distinct aspect 
by reason of a combination of conditions of moisture, insolation, 
duration of the seasons, and course of the humidity. 

While temperature is not in itself a direct factor in shaping the 
general trend of evolutionary development in plants, yet it is indi- 
rectly concerned by the influence exerted upon precipitation, and the 
relation of the amount of the rainfall to the possible evaporation. The 
great changes in the climatic pattern of the surface of the earth, 
both in this and preceding periods, produced by whatever cause, may 
be taken to have affected vegetation chiefly through the humidity 
and desiccation effects, which not only determined the range and 
habitats of the species, but also played a predominant part in shaping 
the general development of the vegetal organism. 

It will be profitable therefore to analyze the changes accompanying 
a modification of a climate toward or away from the desiccation of 
a region and the response of the flora to such altered conditions of 
environment. To do this most effectively let us suppose that the 
rainfall in New York, Pennsylvania, Labrador, Iowa, or Florida 
were reduced to one-fourth of the present amount by a gradual 
decrease through a long term of years. In the lower levels of the 
region affected, the total production of organic matter would be 
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greatly lessened and consequently the amount of humus would 
decrease; wind erosion would remove much of this from its place of 
formation and by this means alone the distribution of many species 
would be totally altered. The soil moisture would ultimately be 
so depleted that the surface layers would show as great a proportion 
as the underlying layers, carrying an excess during seasons of precipi- 
tation, a fact that would have the profoundest influence upon the 
native vegetation, determining not only the habit of the root-systems, 
the form of the shoot, but also becoming a factor in distribution, 
and giving a new form to the competitive struggle among the organ- 
isms in a locality. The change in precipitation would result in 
the formation of long outwash, detrital slopes, or bajadas, giving 
new habitat conditions, and a further differentiation would consist 
in the surface deposition of soil salts, giving alkaline and saline 
areas upon which halophytic, or saline plants flourish. The lessened 
relative humidity would result in modification of foliar surfaces, make 
necessary for survival special structures in seeds and spores, and 
would be followed by a more intense insolation by reason of the non- 
absorption of some portions of the spectrum, and lastly the course 
of the temperature of the soil would change with the depletion of 
the humus and the altered water relations. 

If desiccation ensued as a result of simple horizontal reduction 
of the precipitation, in a region with an unbroken surface lying at 
nearly the same level, the effect would be sweeping, monotonous, 
and with an almost total absence of selective effect that would mean 
extermination, or change in a flora en bloc. The majority of inter- 
pretations of the paleontological record assume such results. It is 
to be seen, however, that desiccation in a region with diversified 
topography and great differences in level would result in great differ- 
entiation, and if to this reduction is added the restriction of the rain- 
fall to one or two brief seasons or to limited periods a maximum of 
effect may be expected. 

The development of desert conditions in the manner described 
over a region of any extent would entail the least disturbance on 
mountain summits, where, by reason of the lowered temperature and 
the facilities for condensation, the evaporating power of the air 
would remain lowest. The original, or pre-desert forms would be able 
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to maintain themselves on such elevated slopes with but little adjust- 
ment. Similar survivals might ensue along the lower drainage lines, 
where the underflow in streamways and washes might support a 
moisture-loving vegetation as it does in southwestern Africa and 
southwestern America. So much for survival by localization. A 
second manifestation would be shown by restriction of seasonal activi- 
ties. The rate of evaporation on the lower levels might be lessened 
by lower temperatures during the winter season and at this time 
rapidly acting annual plants might carry through their cycle of activity, 
remaining dormant in the form of heavily coated seeds during the 
warmer, dryer period of the year. Perennials with deciduous leaves 
might display a coincident activity. This survival of moisture- 
loving plants in a region of pronounced desert character is most 
marked, however, in places where the precipitation occurs within 
definite moist or rainy seasons, such as the great Sonoran desert in 
which two maxima of precipitation occur, separated by periods of 
extreme drought. Both the winter and the summer rainy seasons 
are characterized by the luxuriant growth of broad-leaved annuals, 
which might not be distinguished from those of any moist region. 
Some species are active during the summer season, and others 
during the winter, while a smaller number perfect seeds during both 
seasons. A number of perennials parallel this activity of the annuals 
with the result that in the most arid parts of Arizona, according to 
the unpublished researches of V. M. Spalding, half of the native 
species are in no sense desert plants, requiring as much moisture 
for their development as do those of Maryland, Michigan, or Florida. 
The desiccation of a region is seen therefore not to result directly in 
the extermination of moisture-loving types, but rather to the reduc- 
tion of their relative or numerical importance and a limitation of their 
activities to limited periods, or moist seasons. 

Two types of vegetation may be definitely connected with arid 
conditions, representing as they do the morphogenic action of 
water which has been a predominant one in the development 
of the seed-plants. In one form the chief operation has been one 
of reduction and protection of surfaces. Leaves have been reduced 
to linear vestiges representing various parts of the foliar organ, 
branches to spines or short rudiments as in certain Fouquieriaceae, 


1 
T 


O14 D. T. MACDOUGAL 


Fic. 3.—(Above) Tree-fern in a moist tropical forest in Jamaica, in which such 
plants survive. (Below) Dense carpet of borages and other annuals which grow from 
seed during the rainy season in the Tucson desert. These plants are similar in habit 


and structure to those of a moist region. 
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stomata show special constructions, and all parts of the shoot heavily 
coated and hardened; root-systems have been extended horizontally 
and the individuals thus isolated, being more or less accommodated 
to soils containing a large proportion of salts. The spinose, stubby, 
and switchlike perennials which result from such action are char- 
acteristic of low, inclosed desert basins, like the Salton, and those 
of southern Africa, and central Asia, where the scanty rainfall does 
not occur within such regular limits as to make distinct moist seasons. 

The second form of desert vegetation is one in which the absorp- 
tive function has become highly developed and the capacity gained 
for conserving the surplus water taken up during the moister seasons. 
The Cactaceae are the most prominent representatives of this type 
in North America, and some of this group, as well as other species 
representing a wide range of families, have the capacity for sufficient 
water to meet the needs of the individual for a decade, while forms 
are known which might carry out their cycles of reproduction for a 
quarter of a century by the use of the surplus accumulated within 
their bodies. Such succulents display not only the reduction of the 
shoot and of the foliar surfaces together with induration of the 
epidermis, but have also this capacity for accumulating water and 
are hence desert plants par excellence, representing the apex of 
specialization to desiccation. 

As a total result of the slow desiccation of any region, therefore, 
a very important proportion of the flora would consist of moisture- 
requiring species, or mesophytes, and the remainder would be 
included in two classes, the spinose forms with reduced shoots and 
roots, and the succulents with atrophied shoots, but with the addi- 
tional development of storage structures in some organ of the shoot 
or root. The total number of species within an arid region is not 
less than that of the most densely closed tropical area, but the num- 
ber of individuals is less, the interrelations of the individuals and 
species are not identical, and the competitive struggle for existence is 
of a nature widely different from that of a tropical forest. Increase 
in aridity tends to localization in distribution, and increase in humid- 
ity to diffuseness. 

Evidence of the existence of xerophytes in previous periods of 
desiccation is extremely scanty. Calamites and lycopods with a 


616 D. T. MACDOUGAL 


slender central cylinder and a thick inclosing cylinder of thin- 
walled tissue have been alluded to in this connection, but these great 


Fic. 4.—Aspect of the vegetation in regions with no well-marked rainy seasons of 
regular recurrence. (Above) The bolson of Las Vegas, Nevada. (Below) Bajadas of 
minor range of mountains near the shore of the Gulf of California, San Felipe Bay. 
The plants comprise spinose forms with very reduced shoots and leaves, which have 


not developed storage capacity. 


sporophytes probably stood in swamps, or at least were hygrophytic 
in habit, and by the requirements of their separated gametophytic 
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reproduction could not exist on land areas independently. It is also 
to be noted that many forms peculiar to swampy areas at the present 
time display reduced shoots and leaves of a specialized structure due 
to the action of certain constituents in the substratum, that they are 
known as “swamp xerophytes” and if brought to light as fossils might 
give the impression of having lived in an arid climate. 


Fic. 5.—Types of plants from the Tucson desert, where two distinct yearly periods 
of maximum precipitation occur. In addition to the morphological reduction of the 
shoots and leaves, the capacity for the accumulation and retention of water has reached 
an enormous development. A group of sahuaros (Carnegiea gigantea) on the left; a 
single bisnaga (Echinocactus Wislizenii) on the right. The last-named plant has a 
supply sufficient for a dozen years’ activity in its tissues. 


The leaves of conifers very probably represent a specialization 
adapted to existence in a dry atmosphere, yet it is notable that the 
greater majority of surviving species live in soils in which the occur- 
rence of moisture is not that of the desert. 

The swollen stems of the Bennettitales offer the strongest sugges- 
tion of desert forms, and their structure and reproduction would 
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make possible their maintenance as independent inhabitants of the 
dry land. 

It is true, of course, that desert conditions are not favorable for 
fossilization, yet many opportunities for such action undoubtedly 
occur in the carrying and burying action of the torrential floods of 
desert streamways, while wind-blown deposits might preserve the 
more indurated forms. Many of these and the skeletons of the 
Cactaceae would seem well adapted for preservation in this manner, 
although no remains have yet been uncovered. The view that such 
forms are of recent origin, within the present period of advancing 
desiccation, would predicate a very great phylogenetic activity unpre- 
cedented perhaps, but by no means impossible. 

The actual relationship between plants and their environment 
is by no means a settled question and since this and related problems 
are to be discussed in detail at the Darwin memorial session of this 
meeting, this subject will not be considered here farther than to say 
that it is unsafe to asssume that any organism has undergone adap- 
tation and fitting specialization in direct somatogenic response to 
any set of environic factors, and that admissible evidence on such 
matters is extremely difficult to obtain.' 

The operations of factors lessening the supply of water to any 
region would of course result in greater aridity in some places than 
in others and the movements of xerophytic forms established in 
these to other contiguous areas dried out later would be a matter 
in which the direction of the winds, streamways, movements of 
animals, and position of mountain barriers would play a determin- 
ing part. 

The recession of large expanses of water included in a desiccating 
region, such as has occurred in the great basins in Utah and Nevada, 
and in the bolsons to the southward and eastward in New Mexico, 
Chihuahua, and Arizona would present special conditions. The rate 
at which the waters of such inland seas might recede, however, would 
be such that the advance of vegetation to cover the immersed areas 
would be quite as rapid as that necessary to follow a receding ice- 
sheet or a change of climate due to any cause. Thus our observa- 
tions on the Salton Lake show that beaches a mile in width are bared 
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within a year, while the agencies most effective in their revegetation 
are combined wind action and flotation. 

Many areas, such as the central basin of Asia, the American desert, 
the Eyre Basin in Australia, and southern Africa, offer clear examples 
of the effect of desiccation upon the vegetation of a region, but when 
we proceed to the consideration of the probable happenings when 
an arid region receives an increasing precipitation, our speculations 
must be based wholly on experimental evidence of the physiological 
behavior of plants under known conditions. 

Here, as in the decrease of the supply of water, no mass move- 
ment or extermination of a flora is to be taken for granted. Many 
highly specialized succulents extremely local in their distribution 
would undoubtedly quickly perish with the progression of a climate 
bringing an excess of moisture; alterations in temperature would not 
exercise such violent action upon plants of wider range, however. 
That both together might not totally exterminate a type of succulent 
is shown by the existence of cacti in tropical rain-forests and on the 
high northern plains of Nevada, Idaho, and Montana. If plants 
of wider latitudinal distribution are taken into consideration it may 
be seen that with an advance of polar climate to the southward the 
extermination of a species in the northern part of its range would be 
coincident with additions to the eligible area on the southward. If 
the land area were limited or if mountain barriers intervened, such 
dissemination would of course be impracticable and the forms 
involved would soon perish. These features must be taken into 
account in an interpretation of the flora of the inclosed basin of 
central Asia, which, so far as the meager information available 
shows, is extremely poor in the higher succulent desert types, a 
characteristic also of the Death Valley and of the Salton Basin in 
North America. 

The unfavorable influence of increasing moisture upon the 
xerophytic forms of a region would also include effects of an indirect 
character. Soil temperature and moisture relations would undergo 
great alterations, humus would increase, and other changes would 
ensue, entailing conditions which their specialized structures would 
be unfitted to meet. Furthermore, succulent and spinose plants 
being advanced types, their retrogressive evolution to conform to 
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moist conditions would be a process resulting in enormous loss of 
species. Some spinose types would seem to offer the best morpho- 
logical features for such a change. 

Perhaps the most inportant of all of the altered conditions brought 
about by increasing moisture, however, would be the total trans- 
formation of the competitive struggle for existence. Animals would 
no longer play the predominating role as in arid areas. The num- 
ber of individuals representing the constituent species of a flora 
would be multiplied a hundred fold, perhaps a thousand fold, and 
once more the amount of food material offered to animals would 
decrease their total importance as a factor in selection, while the 
intensest crowding between roots and between shoots would once 
more be resumed and horizontal differentiation of associations such 
as that in forests would ensue. 

The element of a desert flora which would respond most readily 
to ameliorated aridity would, of course, be the hygrophytic annuals 
and perennials, which had survived the period of desiccation in 
their refuge of the rainy seasons, and in the moist areas along stream- 
ways and on elevated peaks. ‘These would quickly occupy the greater 
part of the surfaces available for plants to the great intensification 
of the inter-vegetal struggle for existence. As these hygrophytes 
survived in the moist situations and the moist seasons of an arid 
period, so the surviving xerophytes in a moist period would find 
refuge in restricted habitats on talus slopes, rocks, and sand in which 
the soil-moisture relations would be best suited to their specialized 
structure and might display their seasonal activity during a period 
of the year in which the precipitation was least. 

Briefly restating the principal ideas touched upon, it may be said 
that Chamberlin’s prothesis of the planetesimal aggregation of the 
outer portions of the earth and the attendant conditions, together 
with current theories as to the catalytic nature of the essential activi- 
ties of protoplasm, makes possible rational speculations upon the 
origination of self-organizing matter. 

The passing of nitrates, phosphides, carbides, and sulphides into 
more stable combinations might readily result in the formation of 
thermo-catalysts, one type of which survived in the later forms of 
living matter. Similar combinations do not appear to be taking 
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place at the present time, and their accomplishment experimentally 
is attended with difficulties not yet surmounted. 

The part of the evolution of living matter which may be brought 
under observation in living forms or preserved material represents 
very advanced stages and the cell is separated by a wide range of 
development from the colloidal masses in which self-generating 
matter first took form. The construction of substances which might 
use or transform energy other than that of chemical structure represents 
the first differentiation between the animal and vegetable organisms. 

Plants were necessarily confined to aquatic or hygrophytic habitats 
as long as their history included the free gametophyte, and a land 
flora became possible only with the development of the sporophyte 
culminating in the derivation of the seed-plants. In this and in 
subsequent history the water-relation has played the predominating 
morphogenic réle. 

The desiccation of a region occupied by a land flora would entail 
a complex series of changes in climatic and other environmental 
factors which may be followed by extermination or differentiation 
of the flora. This differentiation, which would ensue most readily 
in regions of diversified topography, with an absence of barriers 
preventing distributional adjustments, would include localizations of 
habitats, seasonal restriction of activity, and transformation of the 
competitive struggle for existence from one chiefly among plants to 
one between plants and animals. 

The surviving flora would include an important proportion of 
mesophytes or hygrophytes, while the arid conditions might be 
followed by the development of two types of xerophytes, succulents, 
and spinose forms. 

The amelioration of desert conditions would mean a reversal or 
shifting of various environic factors, the whole favoring the increase 
in the number of individuals representing the mesophytes, the 
widening of their habitats, and the institution of the fiercer compe- 
tition among plants. Such changes would force a retrogressive 
development on the xerophytes, exterminating many, restricting the 
range of all, and would result in the survival of a few under con- 
ditions wholly foreign and antagonistic to those in which their 
characteristic qualities originated. 
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In all attempts to correlate ancient floras and interpret the climate 
of formations, especially with regard to aridity, the following features 
are to be taken into account: 

Vegetation of diverse lower types might cover moist lowlands, 
make a profuse growth along streams, or clog extensive stretches 
of shallow waters in seas and lakes, but only seed-plants could 
occupy dry land. It is to be borne in mind that the forms represent- 
ing this advanced type must have constituted a small proportion of 
the vegetation for a long period after their origination. Their 
present predominance must be a very modern feature. Furthermore, 
the dissemination of new forms proceeds somewhat slowly and it is 
by no means to be taken for granted that the existence of seed- 
plants, as denoted by fossil remains, is to be taken as an indication 
that such plants occupied or covered great continental areas. Soil 
conditions would be a very important factor in such distribution. 

The distinction between the vegetation of a region in alternating 
moist and arid epochs may not easily be made, since as has been 
pointed out the fossilization of the flora of the Arizona Sonora desert 
would probably result in material richer in moisture-requiring plants 
than in xerophytes. The morphological features of the forms pre- 
served would offer the most valuable evidence, and the presence of 
a single xerophyte among a hundred forms requiring moisture would 
be of great significance. 

The final stages in the differentiation of the land flora, by which 
spinose and succulent xerophytes have come into existence, seems to 
have been reached within very recent times. No fossil remains of 
desert plants have yet been recovered. Some of the forms which 
have the aspect of xerophytes must have grown in moist regions by 
reason of their method of reproduction. Some of the cycads and 
the conifers may be regarded as being most suitable of the older 
types for existence under arid conditions. The fitness of these 
plants is due almost wholly to features of the shoot, and the known 
features of their root-systems offer nothing suggestive of. adapta- 
bility for the characteristic soil conditions of the desert. 
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DESCRIPTION OF A PERMIAN CRINOID FAUNA 
FROM TEXAS 


STUART WELLER 


The crinoid fauna here described was collected by Professor 
J. A. Udden in Presidio County, Texas. ‘The specimens are all 
from the lower brecciated bed of the Cibolo limestone’ in the east 
bluff of Sierra Alta creek three miles north of Shafter and one-half 
mile below Cibolo ranch. The fauna is of interest because it is the 
first prolific crinoid fauna described from the Permian of this country. 
The members of the fauna constitute an interesting assemblage of 
species, most of which belong to the family Encrinidae which is 
restricted in range to the late Paleozoic and the Triassic. The 
members of this family are characterized by the development of 
strong articulating ridges upon the distal faces of the radial plates 
and by the reduction and sometimes by the elimination of the anal 
plates in the dorsal cup. The only species here described which 
does not belong to this family is Hydreionocrinus uddeni, one of the 
Poteriocrinidae also having strong articular ridges on the radials, 
but having a full quota of anal plates and a large ventral sack. 
Besides the species here described there are numerous detached 
plates in the collection which indicate the presence of nearly as many 
more species, and many crinoid columns of various sizes and forms, 
the largest of which attain a diameter of 40™™ or more. 

In comparing the fauna with similar faunas in other parts of 
the world, mention must be made of the echinoderm fauna of the 
upper marine series of the Permo-Carboniferous of New South Wales? 
and that of the Productus limestone of the Salt Range in India. The 
species here described as Phialocrinus americanus must be compared 
directly with P. princeps Eth., from the Australian horizon, and, 


t Univ. Texas Min. Surv., Bull. No. 8, p. 20. 


2 Mem. Geol. Surv. N.S. W., “Paleontology,”’ No. 5, Part 2. 
3 Pal. Indica, Ser. XIII, Vol. I, pp. 822-34. 
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aside from the specimens here described under the generic name 
Cibolocrinus, the only related crinoid with underbasals reduced to 
three in number is Tribrachiocrinus from the same Australian beds. 
Cibolocrinus differs from the Australian Tribrachiocrinus only in the 
absence of the radianal plate from the calyx. 

The species recognized by Waagen in the Salt Range of India are 
somewhat similar to the Texas forms. Two species described under 
the names Cyathocrinus indicus and C. kattaensis are clearly not 
members of that genus and should be referred to some genus, per- 
haps as yet undescribed, in the family Encrinidae. They are very 
similar in general form to the turbinate species of Cibolocrinus from 
Texas, and are to be distinguished from them only in having the 
full quota of five underbasal plates. The plates from the same fauna 
described as Cyathocrinus goliathus are very like the similar plates 
of Phialocrinus americanus from Texas and those of P. prince ps 


from Australia. 


DESCRIPTION OF SPECIES 
HYDREIONOCRINUS UDDENI N. sp. 
(Plate I, Figs. 1-5) 

Description —Dorsal cup saucer-shaped, 42™™ in maximum 
diameter and 12™™ in depth. The base deeply excavated for the 
attachment of the column, all sutures of the calyx, except those 
between the underbasal plates, situated in groovelike depressions, 
the surfaces of the plates convex. The underbasal plates form a 
pentagonal disk 15™™ in diameter with a deep, central, circular 
depression with sides slightly converging toward the bottom, the width 
of the stem facet is g.6™™, the width of the depression at its im is 
12.5™™, and the depth of the depression 3™™; the distal extremities 
of the underbasals, beyond the rim of the columnar depression, are 
short and convex or nodelike. The basal plates large, wider than 
high, the two anterior ones and the left posterior one uniform in 
size and shape, being pentagonal with the basal and two distal 
margins of nearly equal length, the lateral margins not more than 
one-third the length of the other margins; the outlines of the pos- 
terior and right-posterior basals are modified by the introduction of 
the large -adianal, these plates being in the main pentagonal, but 
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not symmetrically so as are the other three. The radial plates 
large, about twice as wide as high, pentagonal in outline, marked 
by strong articular ridges on their distal faces. Radianal plate large, 
its width about two-thirds its length, its area about equal to that of 
the adjacent basals, its general outline quadrangular but really 
pentagonal, the distal face supporting the first tube plate being very 
short, the proximal angle of the plate in contact with the distal angle 
of the right posterior underbasal. Anal plate imperfectly preserved 
in the type specimen, but apparently smaller than the radianal. 
The first tube plate is incorporated in the calyx at least in its proxi- 
mal region. 

Neither the arms nor the ventral sack of the species have been 
observed, but accompanying the dorsal cup are a number of large, 
spatulate, spinous plates which characteristically form the border 
of the distal surface of the mushroom-shaped ventral sack in this 
genus. These plates probably represent the same species as the 
cup, and their form and size is such as to indicate that about 15 of 
them formed the border of a disk 60 or 70™™ in diameter, exclu- 
sive of the spinous projections of the plates. 

Remarks.—This species is characterized by its great size, the only 
form at all comparable with it in this respect being H. kansasensis 
from the upper Pennsylvanian of Kansas which is nearly of equal 
size. It differs from the Kansas species in its smaller underbasal 
disk, in the deeply excavated base for the attachment of the column, 
in the slighter contact of the radianal plate with the underbasals, 
and especially in the outline of the basal plates which are pentagonal 
rather than triangular. 


PHTALOCRINUS AMERICANUS N. sp. 
(Plate I, Figs. 8, 9) 

Description —Dorsal cup large, subglobose, the diameter of the 
type specimen approximately 47™™ and its height approximately 
3o™™. The surface of the plates smooth, all the sutures except 
those between the underbasals situated in shallow and narrow 
grooves. Underbasals forming a shallow, saucer-shaped basin 
which is visible in a side view, its diameter being about 22™™ in 
the type specimen, the stem facet but slightly depressed below the 
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surface of the plates, its diameter about one-third that of the under- 
basal disk. Basal plates large, all except the posterior one hexag- 
onal but with the two proximal faces in nearly a straight line and 
together about equal in length to each one of the other sides so that 
the general outline of the plates is nearly regularly pentagonal, the 
height and width of each of these plates in the type specimen is 
about 24™™; the posterior basal is not complete in the type specimen 
but it is probably similar to the others except in being somewhat 
wider and in having the distal angle truncated for the reception of 
an anal plate. Radials large, pentagonal, wider than high. Anal 
plate not present in the type specimen, probably quadrangular or 
pentagonal in outline and resting upon the truncated distal end of 
the posterior basal between the two posterior radials. 

Remarks.—Unfortunately the type and only specimen of this 
species is imperfectly preserved and somewhat distorted, so that it 
is not possible to give accurate measurements. The posterior side 
has been destroyed by weathering so that it is not possible to be 
certain in regard to the form and position of the anal plate. It is 
certain, however, that no radianal plate is present in the calyx, 
but the presence of a small anal plate is more than probable. 
The posterior basal is broader than any of the other plates 
of the basal ring, and the two posterior radial plates when pro- 
jected posteriorly to a width equal to the width of the remaining 
radials leave a space of about 7™™ to be occupied by an anal 
plate. 

The nearest allies of the species are found in P. princeps Eth., 
and P. konincki Clarke, from the upper marine series of the Permo- 
Carboniferous of New South Wales." It differs from P. konincki 
in the convex rather than concave underbasal disk, and from P. prin- 
ceps it differs in its flatter plates with less deeply impressed sutures. 
From both of these Australian species it differs in its smaller size. 
In general form the species resembles Ulocrinus blairi M. & G., 
but it may be easily distinguished by the absence of the radianal 
plate which is very large in that species, and by the relatively broader 
underbasal disk. 


t Mem. Geol."Surv. N. S. W., “Paleontology,’’ No. 5, Part 2, pp. 107-10 (1892). 
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DELOCRINUS MAJOR N. sp. 
(Plate I, Figs. 6, 7) 

Description.—Dorsal cup large, basin-shaped, with a deep basal 
excavation, the surface of the plates flat, the sutures flush with the 
surface, not depressed in furrows. The dimensions of the type 
specimen are: diameter of dorsal cup, approximately 40™™, height 
of same 14™™. Underbasals small, nearly covered by the column, 
situated in the bottom of the basal excavation. Basals large, a 
little longer than wide, their proximal portion to the extent of nearly 
one-half of the total length of the plates inflected to form the sides 
of the basal excavation, the distal portion forming the lower part 
of the flaring sides of the cup, four of them angular at their distal 
extremities, the posterior one truncated to support the anal plate. 
Radial plates large, nearly twice as wide as high, pentagonal in out- 
line, forming more than half of the flaring sides of the cup. Anal 
plate higher than wide, hexagonal in outline, resting between the 
posterior basals upon the truncated distal extremity of the posterior 
basal and extending for nearly one-half its height above the level of 
the radials, its surface convex along the median longitudinal line 
and concave transversely along the line joining the two lateral 
angles. Radianal plate absent. 

Remarks.—This species is described from an incomplete dorsal 
cup, the type specimen being approximately one-half of an indi- 
vidual broken vertically. The portion of the specimen preserved 
is undistorted and retains the posterior side, so that all the essential 
characters are preserved. The species is especially characterized by 
its large size, it being nearly twice as large as the Pennsylvanian 
species which usually represent the genus. In general form it 
resembles the common D. hemisphericus but has much straighter 
flaring sides and a proportionally larger anal plate. 

DELOCRINUS TEXANUS sp. 
(Plate I, Figs. 12, 13) 

Description.—Dorsal cup basin-shaped, broadly excavated at the 
base, the surface of the plates convex, the sutures slightly impressed, 
especially the lateral sutures of the basal plates and at the distal 
extremities of the same plates. The dimensions of the type speci- 
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men are: diameter of dorsal cup 20™™, height of same 7™™. Under- 
basals situated in the bottom of the basal excavation, the diameter 
of the underbasal disk being about 5.5™™, the columnar facet cir- 
cular, its diameter about one-half the diameter of the underbasal 
disk. Basal plates large, longer than wide, the proximal portion 
forming the sloping sides of the basal excavation, the distal portion 
sloping outward and upward, the distal extremities angular in all 
except the posterior plate which is truncated for the reception of the 
anal plate. Radial plates large, about twice as wide as high, pen- 
tagonal in outline, their distal faces furnished with strong articular 
ridges. Anal plate small, resting between the posterior radials upon 
the truncated distal extremity of the posterior basal, pentagonal in 
outline, the distal extremity angular and extending somewhat beyond 
the level of the radials. 

Remarks.—This species is based upon a single very perfect dorsal 
cup which is similar in size to D. hemisphericus (Shum.). It differs 
from that species, however, in the larger underbasal plates, the 
broader basal excavation, and in the convexity of the plates, the 
surface of D. hemisphericus being even throughout with the sutures 


flush with the general surface. 


DELOCRINUS EXCAVATUS N. sp. 

(Plate I, Figs. 16, 17) 
Descri ption.—Dorsal cup basin-shaped, deeply and broadly exca- 
vated at the base, the plates a little convex, the sutures impressed in 
shallow grooves. ‘The dimensions of a dorsal cup are: diameter 


excavation which in the type specimen has a diameter of 8™™ at 
its margin and a depth of 3™™ or more, with nearly vertical sides. 
Basal plates rather large, their proximal borders incurved to form the 
sides of the basal excavation, the distal extremities angular except 
the posterior one which is truncated to support the anal plate. 
Radial plates large, much wider than high, pentagonal in outline, 
their distal faces furnished with articulating ridges. Anal plates two 
in number, together occupying the position of the single anal plate 
which is commonly present in this genus, upon the truncated distal 
extremity of the posterior basal, the two plates are of nearly equal 
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size, being separated by a vertical suture nearly midway in position 
between the posterior lateral margins of the two posterior radials, 
the distal extremities extend beyond the level of the radial plates. 
Remarks.—This species is established upon a single dorsal cup 
and is characterized by its broad and deep basa! excavation with 
nearly vertical sides, and by the presence of two plates in the pos- 
terior interradial area which is usually occupied by a single anal plate. 
From the single example of the species available for study, it is not 
possible to determine whether this latter character is normal or 
whether it is an abnormal condition. If it is the normal condition 
of the species then the second plate is probably to be interpreted 
as the first tube plate which is not infrequently present in the dorsal 
cup of crinoids in which a radianal plate is present. Its presence in 
this form, however, not associated with a radianal plate is a very 
exceptional condition and might be considered as of generic value. 


ERISOCRINUS PROPINQUUS N. sp. 
(Plate I, Figs. 14, 15) 

Description —Dorsal cup basin-shaped, perfectly symmetrical, 
the sutures between the plates flush with the general surface. The 
dimensions of the type specimen are: diameter of the dorsal cup 
18™™, height of same 9.5™™. Underbasal plates forming a slightly 
concave, pentagonal disk 6.5™™ in diameter, the central portion of 
which is occupied by the circular columnar facet 4™™ in diameter. 
Basal plates all similar in form and size, hexagonal in outline, but 
with the two proximal faces meeting in a very obtuse angle and 
together nearly equal in length to one of the lateral faces, so that 
the general outline of the plates is pentagonal, the proximal portions 
of the plates nearly horizontal in position but rapidly curving upward 
so that the major portion of the plates slopes upward and outward. 
Radial plates much broader than high, pentagonal in outline, the 
distal faces bearing well-defined articular ridges. No anal plate 
present. 

Remarks.—This species is established upon a single nearly com- 
plete dorsal cup which resembles and is closely allied to E. typus. 
It differs from that species, however, in the somewhat broader basal 
truncation of the dorsal cup, which is also porportionately higher, 
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and consequently in the somewhat less divergent sides, also in the 
shallow concavity of the underbasal disk and in the longer lateral 


faces of the basal plates. 


ERISOCRINUS TRINODUS N. sp. 
(Plate I, Figs. 10, 11) 

Descri ption.—Dorsal cup turbinate, the sides nearly straight, diver- 
ging from the base at an angle of a little less than go°, the sutures 
between the plates flush with the general surface, not situated in 
depressed grooves. The dimensions of the type specimen are: 
diameter of dorsal cup 14.5™™", height of same g™™. Underbasal 
plates five, less than one-half of their proximal extremities covered 
by the columnar facet, the exposed portions of the plates smooth, 
forming the flaring sides of a shallow cup. Basal plates smooth, 
wider than high, hexagonal in outline, their distal extremities angular, 
the two distal faces longer than any of the others, the two proximal 
faces meeting in an angle so obtuse that the two together make 
nearly a straight line. Radial plates much wider than high, pen- 
tagonal in outline, the surface curving inward toward the distal mar- 
gin, each bearing three distinct nodelike tubercles symmetrically 
arranged, one near each lateral margin of the plate with the third 
situated lower down on the median line of the plate. No anal plate 
present. 

Remarks.—This species is based upon a single nearly complete 
but somewhat weathered dorsal cup. In general shape it resem- 
bles E. conoideus M. and W., from the Pennsylvanian at Springfield, 
Ill., but it is much larger and is characterized by the presence of the 
three nodelike tubercles upon each radial plate. 

CIBOLOCRINUS Nn. gen. 

Descri ption.—Dorsal cup basin-shaped or turbinate. Underbasal 
plates three, two large and one small, the larger plates formed by 
the fusion of the right and left pairs. Basal plates large, the anterior 
pair hexagonal in outline, the right and left postero-lateral ones 
pentagonal, the posterior one heptagonal. Radial plates large, 
wider than high, pentagonal in outline, the distal faces supplied with 
strong, articular ridges. Anal plate small, resting between the 
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posterior radials upon the distal extremity of the posterior basal, its 
distal extremity extending beyond the radials. Radianal plate absent. 

Remarks.—The genus Cibolocrinus is especially characterized by 
the reduction of the number of underbasal plates to three, and by the 
presence of a single small anal plate. The only other genus of crinoids 
at all closely related to this one having a similar number of underbasal 
plates is Tribrachiocrinus from the upper marine series of the Permo- 
Carboniferous of New South Wales, but Cibolocrinus differs from this 
Australian form in the absence of a radianal plate. 


CIBOLOCRINUS TYPUS N. sp. 
(Plate I, Figs. 20-22) 

Description.—Dorsal cup basin- or low bowl-shaped, nearly hemi- 
spherical in form, the surface of all the plates smooth and the sutures 
flush with the general surface of the cup. The dimensions of the 
two type specimens are: diameter of dorsal cup 25.8™™ and 22.5™™, 
height of same 11™™ and 11™™. Underbasal plates three, forming a 
pentagonal disk three of whose sides, those opposite the sutures 
between the plates, are slightly re-entrant, in the larger of the two 
specimens whose dimensions are given above the diameter of the 
underbasal disk is ro™™, the columnar facet circular, moderately 
depressed, occupying about two-thirds of the diameter of the under- 
basal disk. Basal plates large, as wide or a little wider than high, 
all except the posterior one regularly pentagonal in general outline, 
but the anterior pair are really hexagonal although the two proximal 
faces are nearly a straight line and together are equal in length to 
the proximal faces of the other two; the posterior basal is a little 
wider than the others, heptagonal in outline, being similar to the 
two anterior ones except that its distal extremity is truncated for the 
support of the anal plate. Radial plates large, wider than high, 
pentagonal in outline. Anal plate pentagonal, resting between the 
posterior radials upon the truncate distal extremity of the posterior 
basal, it is angular distally, its distal extremity reaching beyond the 
level of the radial plates. 

Remarks.—This species has been selected as the type of the genus 
Cibolocrinus, and is established upon two examples of the dorsal 
cup. No specimen preserving the arms has been observed. The 
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species differs from the other members of the genus here described 
in its subhemispherical form, all the others being turbinate. 


CIBOLOCRINUS TURBINATUS N. sp. 
(Plate I, Figs. 23-26) 

Description.—Dorsal cup turbinate, the sides diverging with a con- 
vex curvature from the margin of the columnar facet to the distal 
margins of the radial plates, surface of the plates smooth, the sutures 
not impressed in grooves. The dimensions of a complete dorsal cup 
are: diameter 25™™, height 17"™. Underbasal plates three in num- 
ber, one small one anteriorly and two large ones posteriorly, a little 
more than one-third of the length of each plate at the proximal end 
is covered by the columnar facet which is in the form of a conelike 
depression, the exposed distal portions of the plates form the flaring 
sides of a shallow cup. Basal plates large, the right and left postero- 
lateral ones nearly symmetrically pentagonal in outline, the two anterior 
ones hexagonal but with the two proximal faces meeting in a very 
wide angle so as to form nearly a straight line, the two faces together 
being equivalent to the single proximal face of the postero-lateral 
plates, the posterior plate similar to the two antero-lateral ones but 
with the distal angle truncated to support the anal plate. Radial 
plates nearly twice as wide as high, pentagonal in outline, their sur- 
face curving a little inward near the distal margin, their distal faces 
bearing strong articular ridges. Anal plate small, resting between 
the posterior radials upon the truncated distal extremity of the pos- 
terior basal, widest between the posterior distal angles of the radial 
plates on either side, probably pentagonal in outline though the distal 
portion extending beyond the level of the radials is imperfect in the 
type specimens. 

Remarks.—This species is established upon two individuals, both 
preserving only the dorsal cup. The most perfect one has exactly 
the same structure of the dorsal cup as C. typus, the two species 
differing in form and proportions. The second less complete example 
has the sutures between the underbasal plates obscure, but they seem 
not to have the same position in the first specimen. The normal 
position for these sutures, in this and other species of the genus, is 
beneath the posterior and the two antero-lateral basal plates, those 
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beneath the postero-lateral basals being anchylosed. In the second 
example mentioned above, these sutures seem to be beneath the 
posterior and the two postero-lateral basals, so that there are two 
small plates and one large one formed by the union of the three 
anterior original underbasals. This is believed to be an abnormal 
condition in this one individual, since among five examples of the 
genus in which these sutures between the underbasals can be detected, 
all except this one have the normal arrangement. 


CIBOLOCRINUS TEXANUS N. sp. 
(Plate I, Figs. 18, 19) 

Description—Dorsal cup turbinate, the sides diverging with a 
gently concave curvature from the margin of the colmnar facet, 
becoming slightly convex toward the distal border of the cup. Sur- 
face of the plates smooth, the sutures not impressed in grooves. 
The dimensions of a dorsal cup are: diameter 21™™, height 14™™. 
Underbasal plates three in number, large, about one-half their length 
occupied by the large columnar facet which is in the form of a conical 
depression in the base of the cup, the distal portions of the plates 
diverge upward and form the sides of the shallow cup. Basal and 
radial plates large, similar in form and size to those of C. turbinatus. 
Anal plate small, similar to that in C. turbinatus. 

Remarks.—This species is closely allied to C. turbinatus, but may 
be distinguished from that species by its much larger columnar 
facet, and by the concave curvature of the sides of the dorsal cup. 


CIBOLOCRINUS SYMMETRICUS N. sp. 
(Plate I, Figs. 27-30) 

Description—Dorsal cup turbinate, the sides diverging from the 
margin of the columnar facet to the distal margins of the radials, 
the surface of the plates smooth and having the regular curvature 
of the surface of the cup or sometimes a little convex, the sutures not 
impressed in furrows. The dimensions of the most complete example 
are: diameter of dorsal cup 18™™, height of same 13™™. The 
underbasal plates as in C. turbinatus. The basal plates also as in 
that species except that the posterior one is angular at its distal 
extremity like the others, not being truncated for the reception of 
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an anal plate. The radial plates also as in C. turbinatus except that 
the two posterior ones are in contact laterally. The anal plate 
situated above the radials in a notch between the two posterior 
radials. 

Remarks.—This species differs from the other species of the 
genus here recognized, in having the anal plate crowded out beyond 
the radials, giving to the dorsal cup a radially symmetrical arrange- 
ment of the plates as in the genus Erisocrinus except that the number 
of basal plates is reduced to three. The elimination of the anal plate 
from the dorsal cup would ordinarily be considered as a good generic 
distinction, but in the present case there has been some hesitation 
in separating these specimens even specifically from C. ‘urbinatus. 
In that species the anal plate is much reduced in size and the only 
distinction between it and the one here described is that in the present 
form the anal is still further reduced. The species is based upon three 
individuals, in two of which the sutures between the underbasals 
can be clearly recognized. 

EXPLANATION OF PLATE 


The figures on this plate are reduced to about 3 natural size) 


HYDREIONOCRINUS UDDENI N. sp. 
Fics. 1, 2.—Basal and lateral views of the type specimen; 3-5.—Three views 
of a spinous plate from the summit of the ventral sack, probably belonging to 
this species. (Pal. Coll. Walker Museum, No. 13363.) 
DELOCRINUS MAJOR N. sp. 
Fics. 6, 7.—Basal and postero-lateral views of the type specimen. (Pal. 
Coll. Walker Museum, No. 13364.) 
PHIALOCRINUS AMERICANUS N. sp. 
Fics. 8, 9.—Lateral and basal views of the type specimen. (Pal. Coll. 
Walker Museum, No. 13369.) 
ERISOCRINUS TRINODUS nN. sp. 
Fics. 10, 11.—Lateral and basal views of the type specimen. (Pal. Coll. 
Walker Museum, No. 13368.) 
DELOCRINUS TEXANUS N. sp. 
Fics. 12, 13.—Basal and postero-lateral views of the type specimen. (Pal. 
Coll. Walker Museum, No. 13365.) 
ERISOCRINUS PROPINQUUS N. sp. 
Fics. 14, 15.—Lateral and basal views of the type specimen. (Pal. Coll. 
Walker Museum, No. 13367.) 
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DELOCRINUS EXCAVATUS N. sp. 

Fics. 16, 17.—Basal and postero-lateral views of the type specimen. (Pal. 
Coll. Walker Museum, No. 13366.) 

CIBOLOCRINUS TEXANUS N. sp. 

Fics. 18, 19.—Lateral and basal views of the type specimen. (Pal. Coll. 
Walker Museum, No. 13373.) 

CIBOLOCRINUS TYPUS N. sp. 

FIGs. 20, 21.—Lateral and basal views of one of the cotypes; 22.—Basal 
view of the other cotype. (Pal. Coll. Walker Museum, No. 13370.) 

CIBOLOCRINUS TURBINATUS N. sp. 

Fics. 23, 24.—Postero-lateral and basal views of one of the cotypes; 25, 26.— 
Lateral and basal views of another of the cotypes. (Pal. Coll. Walker Museum, 
No. 13371.) 

CIBOLOCRINUS SYMMETRICUS N. sp. 

Fics. 27, 28.—Lateral and basal views of one of the cotypes; 29.—Basal 
view of another of the cotypes; 30.—Ventral view of another of the cotypes, 
showing the articulating ridges and the small anal plate resting in a notch between 
the posterior basals. (Pal. Coll. Walker Museum, No. 13372.) 
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NEW OR LITTLE-KNOWN PERMIAN VERTEBRATES! 
TREMATOPS, NEW GENUS 


S. W. WILLISTON 
The University of Chicago 


Of the numerous specimens obtained from the famous Permian 
deposits of northern Texas the past year by the University of Chicago 
Expedition, none is of greater interest than one represented by a 
nearly complete skeleton of a new rhachitomous amphibian allied to 
Eryops, discovered by Mr. Paul Miller at Craddock’s Ranch, near the 
town of Seymour. The specimen was found fully exposed on a 
gently sloping surface, intermingled with the remains of a reptile 
which seems to be of a new genus of Cotylosauria, which will be 
described later. At the time of the discovery it was not suspected 
that more than a single individual was represented by the remains, 
the bones of the amphibian, save of the skull, being almost wholly 
inclosed in a more or less weathered mass of hard matrix. Recogniz- 
ing in the skull some of its peculiar characters, Mr. Miller and I spent 
several hours ina careful search for all possibly recoverable fragments. 
Evidently both skeletons had been, originally, nearly complete as 
preserved in the clay beds, and both were probably close together, 
but erosion has destroyed or mutilated much of the reptile and some 
parts of the amphibian. The separation of some of the parts of the 
amphibian skeleton which had been washed free from their matrix 
from the remains of the reptile has been difficult. Fortunately, 
however, nearly all parts of the amphibian skeleton, save the radius, 
fibula, and most of the tail, were found in anatomical relations in 
the blocks of matrix. 

The incrusting matrix which adhered to most of the bones, while 
fortunately preserving the specimen from ruin, was very hard, requir- 
ing nearly two months of patient work on the part of Mr. Miller to 
remove. That these specimens, which must have been exposed for 


See “The Cotylosauria,” this journal, XVI, 139; “‘Lysorophus,” Biological 


Bulletin, XV, 229; “ Diplocaulus,”’ Transactions Kansas Academy of Science (in press). 
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a score or more of years, should have escaped the observation of 
previous collectors in this much searched-over region is remarkable, 
and only goes to show that these, like most other fossiliferous beds 
in the West, will never be exhausted. It gives me pleasure to name 
the species in honor of Mr. Paul Miller, whose keen eyesight and 
patient labor have brought not only this specimen to light but also 
many others in the University of Chicago Museum and the American 
Museum ‘of New York City. 


Trematops milleri, Genus and Species New 


Skull (Figs. 1, 2, 3).—The skull of Trematops is remarkable, not 
only among amphibians, but also among Permian vertebrates, for the 
association of certain peculiar characters widely distinguishing the 
genus from any other now known. The chief of these characters 
are: the possession of a median unpaired rostral opening leading into 
a palatine vacuity; greatly enlarged antorbital vacuities; a temporal 
fenestra; and the apparent absence of the parasphenoid bone of the 
palate. In the skeletal characters, aside from those of the skull, 
the genus does not differ much from Eryops, so far as known, and 
doubtless the skeletons of each, when fully known, will show a like 
agreement throughout. 

In shape the skull is subtriangular, its width posteriorly being but 
slightly less than the length from premaxillae to occipital condyles. 
Its surface is coarsely and rather deeply pitted, but presents no traces 
of mucous canals that can distinguish. The face is markedly con- 
stricted just in front of the orbits, the facial region showing a slight 
lateral convexity on the outer sides of the large antorbital vacuities. 
’ of the skull is broad and nearly flat, 


Back of the orbits the “table 
perforated by the rather small parietal foramen near its middle. The 
orbits are oval, their greater diameter oblique to the longitudinal 
axis of the skull, their borders thickened in front and behind, but 
thinner above and below, with the plane of their margin looking 
obliquely forward, upward, and outward. Immediately back of the 
orbit at its outer part, the table turns downward, forming the anterior 
bar of the temporal vacuity. The upper margin of this vacuity is 
perfectly preserved on the left side, but the fragments forming it were 
not recovered for the right side of the skull. It is thinned, in outline 
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gently concave and turned outward, and, posteriorly, a little down- 
ward, forming the lateral margin of the flat table of the skull. The 
natural character of the border is beyond dispute, the small pittings 


Fic. 1.—Trematops milleri Will. Dorsal view of skull; three-fifths natural size. 


of the surface continuing quite to the junction of the upper with the 
lower surface of the cranial bones. There is no possibility of its union, 
either by suture or fracture, with the lateral walls of the skull. In 
front the vacuity continues in a shallow, lateral groove, nearly as far 
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forward as the orbital margin. On the right side the upper margin 
of the vacuity, as stated, is not preserved, but the natural rounded 
border of the opening is found on the lower and partly on the front 
side, giving, with the left side, practically the outline of the vacuity 
throughout, save at the narrowed posterior end. The cavity was 
oval in shape, about twenty millimeters in length, looking outward, 
and a little upward and forward. There remains the bare possibility 
that the enlarged vacuity was connected by a slender and sinuous 
isthmus with the outer posterior margin of the skull, but I do not think 
so. In position, it is seen that the fenestra is nothing more nor less 
than a greatly elongated and closed epiotic notch, and this interpreta- 
tion is confirmed by the disposition of the bones on the under, palatal 
side of the skull. Other genera of stegocephs have the epiotic notch 
closed posteriorly, but I know of none in which it extends nearly so 
far forward as it does in this genus. As an epiotic vacuity it conveys 
the suggestion that the origin of the lateral temporal vacuity in 
the double-arched or saurocrotaphic reptiles has arisen, not by a 
natural trephining of the skull wall, but by the inclusion of an epiotic 
notch. From the fact that the so-called squamosal bone borders the 
vacuity above, it would hardly seem to be homologous with the 
superior temporal fenestra. However, it is by no means sure that 
the superior bone is the real homologue of the squamosal of the 
higher animals. I have followed Baur in so considering it, but I by 
no means believe that its squamosal or supratemporal character has 
yet been demonstrated. 

The sutures, for the most part, in the skull are indistinguis hable 
or distinguishable with difficulty from the cracks. On the upper 
surface of the table, however, they are very conspicuous, as shown in 
the illustrations. The parietals, it is seen, are rather small bones, 
uniting by a transverse suture with the so-called supraoccipitals 
behind.". The shape of the postfrontals is clearly shown, but the 
postorbitals are indeterminable. Norcan I make out the limits of the 


' It has long been known that these so-called supraoccipitals of the stegocephalan 
and cotylosaurian skulls are not the real supraoccipital of the mammals and higher 
reptiles, but are membrane bones. Perhaps the best name that has yet been applied 
to them is that of Broom—the postparietals. In a later paper I shall figure both the 
cartilage supraoccipital and the membrane supraoccipitals in the same specimen, not 
even suturally united. 
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epiotics and “squamosals” or “supratemporals,” though the two 
bones very clearly form the outer part of the table. The frontal bones 
terminate a little in front of the orbits by a nearly transverse suture, 


Fic. 2.—Trematops milleri. Palatal view of skull; three-fifths natural size. 


and, of course, the nasal bones form that portion between the antor- 
bital vacuities, as far forward as the rather small premaxillae. 

At the very front of the rostrum there is a rather small, but perfect, 
median, unpaired vacuity leading into a foramen in the middle of the 
palate below. I am at a loss to say what its real nature is. If nota 
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median narial opening, I cannot see why there should be a palatal 
opening below it. It is not for the passage of teeth, as in some 
labyrinthodonts. A median opening is not unknown among the 
Stegocephala. Dasyceps, from the Permian of Kenilworth, has a 
large, elongate opening between the nasals, and Acanthostoma, from 
the Rothliegendes, has a moderately large median vacuity between 
the large nasals and the premaxillae. 

The greatly enlarged and elongated openings on the sides of the 
face in front of the orbits are, in part at least, merely antorbital 
vacuities; of this there can be no doubt. The anterior portions, 
however, seem to be the real nares, in position like those of Eryops, 
and opening into a vacuity at the outer side of the palatine and 
vomers of the palate. A flattened or concave bone is seen in the 
right fossa, directed obliquely backward. It may be a turbinated 
bone. 

The occipital condyles are parial, the gentle concave articular 
surfaces looking backward, a little downward, and toward each other. 
A specimen of Eryops in the collection shows, I think clearly, a trans- 
verse suture a little in front of these processes separating them from the 
part in front which I believe to be the basisphenoid, and just back of 
a pair of flattened or spoon-shaped processes, corresponding to the 
hypopophyses of the reptilian basisphenoid and occipital region. 
In front of these processes the bone is gently concave from side to 
side. In the middle in front there is a rounded heavy margin, which 
shows no traces of a bony prolongation, as in Eryops, into the median 
parasphenoid. On either side in front the basisphenoid turns 
downward in a thickened process, quite as in Eryops, to articulate with 
the pterygoids. On either side, posteriorly, from the basioccipital 
processes a groove runs outward and upward, bounded in front and 
behind by bars of bone. At about 30™™ from the middle line this 
groove turns at an acute angle forward nearly parallel to the median 
axis of the skull to terminate at the outer end of the pterygoids, and 
leading into the temporal vacuity. The bone containing this groove 
shows at its inner extremity a distinct suture separating it from the 
occipital and basisphenoid. It is doubtless in part at least the par- 
occipital. 

The pterygoid, from the basisphenoid articulation, turns trans- 
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versely outward as a vertical plate, ending in a sutural articulation, 
just back of the orbit, with the anterior end of the bony ridge bound- 
ing what I believe to be 
the otic groove. The 
plate does not seem to 
reach quite to the roof 
of the skull in its middle 
part. The under margin 


of this plate is widened , 
a little antero-posteriorly 
externally. Its outer ex- 
tremity is lost, but. it 
doubtless unites with the 
palatines at the outer 
side of the palatal sur- 
face, and probably sends 
back a posterior process 
at the sides to connect 
with a broken extremity 
of a flat bone on the inner 
side of the quadrate. 
The attachment of this 
bone, or of a separate 
transverse bone, is shown 
by a broken edge turned 
downward a little below 
the plane of the palatines 
to abut slightly against 
the upper inner margin 
of the mandible. There 
is no indication of a 
median parasphenoid 
prolongation in front of 
the basisphenoid, but a 


broken surface of a bone 
Fic. 3.—Trematops milleri. Side view of skull; forming the brain case 


about two-thirds natural size. for the cerebrum may 
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perhaps represent what is left of the parasphenoid, which must 
in this case be far above the plane of the palatines and closely 
applied to the under side of the brain and its rhinencephalic 
anterior prolongation. The palatines, or the combined palatines 
and pterygoids, form a narrow horizontal shelf along each max- 
illa. The inner part of this shelf is thickened, so that its median 
border forms nearly a flat surface directed inward and downward, 
and separated by a depression or groove from the outer palatinal 
surface. Probably this portion represents the anterior prolongation 
of the pterygoids, but I can distinguish no trace of a suture between 
the two portions. The palatal shelf of the left side was crushed 
against the opposite side in the specimen, lying quite in contact 
nearly as far back as the orbits. There could not have been any 
median parasphenoid between the two parts, the angle anteriorly 
being acute and the palatines or vomers meeting and coming closely 
in contact anteriorly. The internal nares are oval vacuities situated 
nearly below the anterior part of the lateral facial vacuities. Just in 
front of the opening on each side and close to the margin of the 
mandible, as articulated, there is a large tooth, doubtless situated 
upon the vomer. There are four large teeth upon the palatines, also 
attached so that they come closely in contact with the inner side of 
the mandible in the closed mouth. These teeth are in two pairs. 
The first pair, of which the anterior one is the smaller, are situated 
a little in front of the orbit, the apex of the larger tooth reaching 
nearly to the lower border of the mandible. It has a length of 22™™, 
with a width of 12 at its base. The posterior pair, of nearly equal 
length, measuring about 12™™ each, are also closely applied to the 
inner side of the mandible a little back of the middle of the orbit. 

Teeth.—There are twenty-five or twenty-six teeth in each of the 
upper series, and about the same number in each mandible. Six of 
these, of rather small size, are attached to the premaxilla in front of 
the lateral narial opening. The longest measures 8". The largest 
of the maxillary teeth are situated back of the middle of the narial 
vacuity, two of them measuring 14 and 15™™ in length, by 5™™ in 
diameter at their base. 

The mandible is rather slender, with a short symphysis, where 
the somewhat expanded bones form a shallow but short trough, the 
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two together below gently convex from side to side. The lateral 
outlines of the mandibles from below have a gentle concavity near the 
middle, curving rather strongly inward behind. The inferior margin 
of the jaw turns upward behind rather abruptly, and is narrowed 
from side to side. The sutures of the mandible are not certainly 
distinguishable. Posteriorly the articular projects but very little 
beyond the quadrate. 

Vertebrae (Figs 4 ff.).—The remains of twenty-three vertebrae are 
preserved in an uninterrupted series connected with the occipital 
condyles. Of these the sixteenth, seventeenth, eighteenth, and 
nineteenth are represented by their arches only, their centra lost from 
the block of matrix wholly or for the most part. As far as the fifteenth 
the hypocentra lie closely associated, save for a twist at the seventh, 
in a somewhat sigmoid curve, with the spines vertical or nearly so. 
At the sixteenth the column was twisted so that the spines lie hori- 
zontally to the right, the left leg with its parts but little disturbed lying 
for the most part upon or at the right side of the column with its 
ventral side uppermost. The femur is much flexed upon the leg 
and its head turned across and above the posterior vertebrae. At the 
end of the twenty-third, or rather in the twenty-fourth, another 
break occurs in the series as preserved in the matrix. The succeeding 
block of matrix includes four vertebrae, and was much worn. Erosion 
of the projecting ends of the series in the two blocks prevent their 
positive union. The first eroded vertebra of this series bears the 
left sacral rib, and, lying above it, the proximal part of the left ilium. 
By joining the two eroded ends of the series with the acetabulum 
lying uppermost, the head of the femur nearly fits into it. It is certain 
that the leg suffered no disturbance whatever after the decay of the 
flesh covering it, save a slight rotation of the tibia outward and the 
displacement of the fibula. It clearly occupies its proper position as 
regards the vertebral column, from which it follows there could not 
have been more than one or two vertebrae lost. 

The axis is much broader from side to side than the following 
vertebrae, and is very short antero-posteriorly. Its large articular 
surfaces fit closely the condyles of the skull. Its posterior margin 
below is nearly parallel with the anterior. I can discover no indica- 
tions of separated pleurocentra, though such may have existed. Its 
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Fic. 4.—Trematops milleri. 1, right coraco-scapula, from without; 2, the same, 
from within; 3, the same, from behind; 4, interclavicle and right clavicle, from above; 
5, right clavicle, from behind; 6, left ulna, from within; 7, the same, from without; 
8, left humerus, from in front; 9, the same, from behind; 10, Eryops, right humerus, 
one-third natural size. All figures, except as noted above, two-thirds natura] size. 
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separated neuropophyses are vertical and slender, widely separated 
from each other above by the massive spine of the second vertebra. 
Above the middle of each neuropophysis there is a small posterior 
zygapophysis for union with the second vertebra. The hypocentrum 
of the second vertebra is much smaller than the following ones, trans- 
versely oval in shape. There may be pleurocentra here also, but I 
cannot distinguish them. The spine is very massive above, with 
strong rugosities posteriorly, broad from side to side, with the slender 
neuropophyses of the axis lying in contact with it in front. The 
hypocentra of the succeeding vertebrae are almost identical in size and 
shape, scarcely varying a millimeter in length or breadth, though 
those of the sacral region may be a little stouter. Where best pre- 
served they show a flattened surface on the under side separated by a 
ridge from the sides, though in others this flattened part seems to 
be merely a rounded keel. Many of the pleurocentra have been 
dislodged, but such as are in position in different parts of the column 
are alike in shape and in attachment, all rather smaller than the 
anterior or mesial ones of Eryops. The longer neuropophysial 
attachment is with the succeeding arch. These attachments of the 
pleurocentra leave only a small surface on the hypocentrum for union 
with the arch, which, here as in Eryops, for the most part is more 
closely united with the pleurocentrum of the preceding vertebra than 
with that following the arch, to which it presumably belongs. Com- 
plete spines are present in several of the anterior and_ posterior 
vertebrae, but lack their distal extremities in most of the others. As 
is the case with the hypocentra and pleurocentra they are all nearly 
alike throughout in thickness and length. They are a little com- 
pressed from side to side, and slightly thickened at the upper extremity. 
Anteriorly the spines are nearly vertical, but posteriorly they are 
slightly inclined backward. The transverse processes, springing 
from the arch, are also, so far as can be determined, nearly alike 
throughout the presacral series. They are stout, slightly compressed 
vertically, and are directed nearly straight outward, or a little back- 
ward. The zygapophyses are rather better developed than in 
Eryops, and are not placed so closely together, their articular facets at 
an angle of about forty-five degrees. The transverse process for the 
sacral rib is very stout and heavy, with its large articular facet directed 


| 


NEW PERMIAN VERTEBRATES 647 


outward and downward. There is but one true sacral vertebra, 
though the transverse processes of the vertebrae immediately preceding 
or following the sacral are heavier than elsewhere. Altogether the 
vertebrae of Trematops are very much like those of Eryops, the 
pleurocentra anteriorly somewhat smaller, the transverse processes 
somewhat longer and stouter, and the zygapophyses a little better 
developed. Of the caudals, save the two connected with the sacral 
vertebrae, only one small block of matrix containing several more or 
less confused bones of the distal part of the series is preserved. The 
chevrons are stout and short, united above in a heavy hypocentral 
mass which is excavated in its middle for the notochord. In front 
of one of the preserved chevrons there is a pleurocentrum which 
seems to have separated the hypocentra ventrally. 

The ribs are everywhere short. For the first nine or ten verte- 
brae they are much dilated, both proximally and distally, with the 
distal portion twisted somewhat from the plane of the proximal. 
They have a slight but distinct curvature. In the region of the 
fifteenth vertebrae the ribs are much smaller, with the proximal 
portion less dilated, and with a longer, rounded shaft. The first rib 
preserved in the matrix has its head closely applied to the side of the 
second vertebra. ‘The attachment of the ribs, at least anteriorly, was 
to both the transverse process of the neurocentrum and the pleurocen- 
trum or hypocentrum, though no articular face is visible. The 
sacral rib is quite like that of Eryops. It has a broad, stout, proximal 
portion articulating chiefly with the transverse process, but also below 
and in front with the hypocentrum or region between the hypocentrum 
and pleurocentrum; the distal part is much flattened and expanded, 
and is curved downward. 

Pectoral girdle and extremity.—Scapula-coracoid (Fig. 4). The 
right side of the pectoral girdle was found inclosed in the matrix 
close to the skull, lying on the sides of the anterior vertebrae. 
The preserved parts are very complete. Some fragments of the 
border of the coracoid, and the tip of the clavicle only are missing. 
The united bone, on the whole, resembles that of Eryops, save 
especially in the absence of the cleithrum, which is large and stout 
and closely applied to the front border of the scapula in Ervyops. 
The scapula is much expanded above, and is flattened, a little 
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thickened posteriorly, the planes of its outer and inner surfaces directed 
a little inward anteriorly. The scapula narrows rapidly to within a 
short distance of the glenoid fossa, and then is widely expanded 
antero-posteriorly for the coracoids. That portion corresponding 
to the procoracoid of the allied reptiles is a little thickened, nearly 
flat, and directed somewhat toward the visceral side. The lower 
anterior angle is nearly rectangular, and the mesial border of the 
whole bone is gently convex in outline, and is somewhat thinned. 
Posteriorly the rather narrow coracoid projects strongly backward, 
its narrowed extremity thickened and strongly curved toward the 
visceral side. The deep glenoid cavity is directed upward, backward, 
and outward. Above, the thickened hind border of the scapula 
divides, inclosing between its two branches a rather deep non-articu- 
lar fossa. The anterior or external branch continues downward in 
the same plane and direction as the scapular border, ending in a sub- 
triangular, articular facet looking backward and outward. The end 
of the humerus lay in immediate -apposition with this facet. The 
posterior continuation of the scapular border, the thicker of the two, 
curves inward and backward, in a strong, nearly semicircular sweep 
to near the extremity of the coracoid. Between these two divergent 
borders, there is a deep cavity or fossa, evidently no part of the real 
glenoid fossa, pierced by a large foramen or fenestra at its bottom. 
Just below the lesser ridge which bounds this fossa posteriorly from 
the glenoid cavity, running from the internal angle of the humeral 
facet upward and backward, and near its middle part, there is a 
second foramen, which opens on the convex surface of the inner side 
of the bone. A third foramen is seen below the humeral facet, open- 
ing on the inner side at the lower end of the vertical flexure. This 
must be the true supracoracoid foramen, through which the scapula- 
procoracoid suture doubtless passes. The true glenoid fossa is 
limited below posteriorly by a strong declivity. The inner surface of 
the scapula above, like the exterior, is nearly flat, the lower surface 
convex in front. Just back of the glenoid cavity and corresponding 
to the vertical margin of the outer side, the bone on the inner side 
turns abruptly outward, save on the lowermost portion, bounding in 
front a posterior cavity into which opens the supraglenoid and the 
supracoracoid foramina, above and below, as shown by the arrows in 
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the figure. In front of the border the surface of the bone is strongly 
convex from above downward, and somewhat so from side to side. 
This surface is pierced near its middle by the glenoid foramen. 

No sutures are visible distinguishing the bone into its three 
elements. As regards the cleithrum, there is a total absence of all 
indications of such a bone as occurs in Eryops, either on the upper or 
anterior border (Fig. 7). 

Clavicle and interclavicle-——The right clavicle was found in the 
matrix nearly in its anatomical position, its upper end only gone. 
It is very small for an amphibian, and has lost every trace of the pit- 
tings so characteristic of the stegocephalan clavicles on its outer surface, 
though not unlike the clavicles of Eryops. (See Williston, Kansas 
University Quarterly, VIII, 185, Pl. XXIX, Fig. 2.) The clavicle 
is bent near the middle nearly at a right angle, and somewhat twisted. 
The proximal part, underlying the interclavicle, is but moderately 
expanded—tess so, in fact, than in the contemporary reptiles, and not 
twice the width of the distal part. Its anterior border is thickened, 
its posterior, somewhat everted portion is thin. The scapular 
extremity is lost, but there is some, though doubtful, evidence of the 
possession of a small cleithrum, shown by a fragment of a small bone 
apparently attached to it. The greater part of the interclavicle is 
present in the specimen, lying on the under side of the procoracoid 
angle of the scapular bone. The bone is flattened and expanded 
transversely, with a short lateral projection on each side, and a thin 
but broad anterior margin. In the middle, posteriorly, the bone is 
slightly thickened, but there was no median posterior elongation, as 
in the reptiles. The interclavicle is remarkable for its small size, 
and thinness, as well as for the entire absence of external pittings. 
As a whole, the clavicular, as well as the scapular girdle is markedly 
reptilian in character, far more so than in any other known amphibian. 

Humerus.—Lying closely articulated in the right glenoid cavity 
was the proximal inner side of the right humerus as far as the median 
constriction. The outer proximal part had been eroded away, and 
of the distal portion only the outline of the bone, and the inner distal 
part remained. Of the left humerus almost precisely the same 
proximal part was found loose in the wash, together with the distal 
half, with the exception of the inner distal part, that part left in the 
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matrix of the right humerus. The two bones hence give the characters 
of the complete humerus with the exception of the proximal outer 
part. The humerus resembles-not a little that of Eryops, a figure 
of which, more reduced, I have given for comparison (Fig. 4), although 
a little more slender, as are, indeed, all the bones of the extremities. 
The two expanded extremities are twisted at an angle of about sixty 
degrees, the shaft between them abruptly and much constricted, about 
8 by 1o™™ in diameter. The proximal anterior face is somewhat 
concave. The distal portion has a large rounded radial convexity on 
its outer side, above which, separated by a groove at the outer side, 
is a small process, evidently quite like that of Eryops. The inner 
condyle is somewhat thickened; the entepicondylar margin is con- 
vex from above downward, but wholly without an epicondylar 
foramen, such as is present in the related genus Acheloma Cope. 

The two extremities of the right ulna were found free in the wash, 
distinguished from the reptilian ulna found with the specimen by 
their much smaller size and the less produced olecranon. I have 
figured them in the plate (Fig. 4), separated by the same relative 
distance as those of the ulna of Eryops. The proximal portion is 
convex on the inner side, thinned above and below. The outer side 
is concave for the radius, with the humeral articular surface, or sig- 
moid cavity, showing more from that side. The olecranon is rugose. 
The distal extremity is but slightly expanded, a little thickened in the 
middle at the end, gently convex on the dorsal, and concave on the 
palmar surface. 

The extremities of what I believe to be the radius are among the 
fragments recovered in the wash, but the present impossibility of 
distinguishing them from the reptilian remains renders their descrip- 
tion inadvisable. I have outlined the bone in the restoration from 
Eryops. 

A mass of matrix containing nine carpal bones united in their 
proper relations was secured. Their distinction from the reptilian 
specimen is assured by their smaller size, and the determination of the 
carpal bones in that specimen. Their relative size and position, as 
I determine them, will be seen in the restoration. It is evident that 
two of the proximal bones are missing, and they are shown in shaded 
outlines in the figure. 
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Pelvic girdle and extremity (Fig. 5).—The left ilium was preserved 
attached to the sacral vertebra and rib, nearly or quite in normal 
position, but considerably eroded on its outer surface. The acetab- 
ular portion of the same side, found loose, shows also considerable 
erosion of the surface, and the precise connection with the ilium worn 
off; the symphysial portion also of both ischium and pubis is wanting. 
The ilium resembles somewhat that part in Eryops, but is broader, 
less elongate, and thinner. The acetabular part is quite similar to 
that of Eryops, and it is quite probable that the missing portion below 
will be found also like that of Eryops. The acetabulum is large and 
shallow, with a thickened rim in front, a rounded protuberance at the 
upper part, and a thickened margin at the lower posterior part. The 
pubic foramen below the anterior part of the acetabulum opens on 
the inner side toward the front margin. 

Femur.—The left hind leg (Fig. 5, 1) is preserved almost com- 
pletely, and with but little disturbance of its parts, lying partly upon, 
partly at the right side of the vertebral column, its ventral side upper- 
most, the femur much flexed and inclined over the vertebrae to meet 
the acetabulum, which was lying nearly horizontally. The femur 
resembles in miniature that of Eryops. Its proximal extremity is 
thickened, transversely convex above, much thickened on the inner 
side, less so on the outer, and with a shallow fossa behind, externally. 
The shaft is much narrowed from side to side at the lower third. 
The “lesser trochanter’”’ is robust, beginning about one-third the 
length of the bone; its face is oval in outline, with a longitudinal 
groove, and is directed proximally and ventrally. The “linea aspera” 
continues the trochanter as a high, thin longitudinal crest, curved 
somewhat outward, to end near the beginning of the last fourth of the 
bone, in the upper part of the popliteal surface, about midway between 
the lateral margins. The distal extremity of the femur is expanded 
to the full width of the proximal extremity, chiefly on the inner side, 
the internal border of the bone forming a deep concavity above, while 
the external border of the bone is gently concave on the middle two- 
fourths, the first and last fourths gently convex in outline. The distal 
border of the inner condyle is nearly transverse and straight, thickened 
internally; the external condyle is narrow, and greatly expanded 
antero-posteriorly, so that the distal articular surface somewhat resem- 
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Fic. 5.—Trematops milleri. 1, left hind leg, ventral or plantar side; 2, left tibia 
from without; 3, the same, proximal surface; 4, right second rib; 5, right seventh rib; 
6, right eighth rib; 7, seventeenth rib; 8, nineteenth rib; 9, twenty-third rib; ro, 
twelfth and thirteenth hypocentra, from below; 11, ninth vertebra, from the side, about 
four-thirds natural size; 11a, the same, about two-thirds natural size; 12, left sacral 
rib, from above; 13, left innominate, from without; 14 and 15, chevron, from behind 


and the side, about four-thirds natural size; all figures, save as noted, about two-thirds 
natural size. 
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bles an italic letter £, with the intercondylar groove in front deep, 
the popliteal groove shallow. In front, the outer border is convex to 
the articular surface for the fibula, and the articular surface as a 
whole is directed ventrad at an angle of about forty-five degrees from 
the long axis of the femur, and also outward at an angle of about 
twenty degrees; the articular surface also extends proximad on the 
ventral side so as to permit a considerable degree of flexion, while com- 
plete extension would have been impossible. The considerable 
depth of the pelvic symphysis raised the acetabular surface some 
distance from the ground, and doubtless the knee was constantly 
flexed to a considerable extent. 

The tibia is preserved in the matrix in articulation with both the 
femur and tarsus, but rotated somewhat upon its outer side. Its 
proximal extremity is much expanded, antero-posteriorly, and also 
somewhat from side to side. Its articular surface for the femur is 
slightly concave, sloping obliquely backward and outward from the 
long axis. Its proximal part in front is broad for the insertion of the 
stout muscles of the intercondylar groove, while a large surface pos- 
teriorly also gave insertion to the flexor muscles. The middle of the 
shaft of the bone is slender, and nearly circular in cross-section, from 
which place the bone becomes gradually broader to the distal end, 
which is thickened and broader from side to side than from before 
back. The outer border of the bone, as a whole, is nearly straight, 
or gently concave; the inner border is deeply concave. 

As already stated, the fibula was dislodged from its position. 
Lying close by the inner side of the tibia, is a flattened bone, imperfect 
at one side, which is evidently the distal extremity of a fibula. The 
part preserved is remarkably broad, much thinner on its outer side, 
thickened, shaft-like on the inner, where broken off. Distally it 
shows two thickened, apparently articular borders separated by a 
thinner, non-articular margin. 

The tarsus and foot lie almost perfectly in position, the tibiale 
slightly turned outward by the rotation of the tibia, and the fifth toe 
partially turned under the fourth and third. Lying as they do upon 
the sides of the fourteenth, fifteenth, and sixteenth vertebrae, the bones 
are somewhat uneven, because of the rugosities. There are twelve 
tarsal bones, three in the proximal, four in the middle, and five in the 
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distal row, a number found by Baur in Archegosaurus, but otherwise 
unknown among air-breathing vertebrates. Of the proximal row the 
tibiale is elongate, a little broader proximally, with a thickened, 
rounded internal margin, articulating proximally with the tibia, 
distally with the first centrale, and internally with the second and third 
centralia. The intermedium is large, with a thickened, oblique face 
for union with the fibula proximally, a free rounded border opposite 
the distal part of the tibia, articulating distally with the large centrale, 
and externally with the fibulare, leaving, however, a small opening 
for the passage of vessels. The fibulare is elongate antero-posteriorly, 
and is rather broad; it articulates proximally, on the upper side, with 
the fibula, internally, above, with the intermedium, distally with the 
fourth and fifth distalia, and between them and the intermedium 
with the large centrale. The proximal centrale is one of the largest 
bones of the tarsus; it is somewhat broader on the inner than on the 
outer end, articulating proximally with the intermedium, internally 
with the tibiale, externally with the fibulare, and distally with the two 
outer centralia. The innermost of these is the smallest, articulating 
between the tibiale and the first distal, and, on the outer side, with 
another centrale. This is an unusual position for a centrale, and I 
have endeavored to find in the small bone some evidence of extraneous 
origin, but am quite convinced that it really belongs in this place, as 
otherwise the space it occupies must have been unossified. The 
median distal centrale is the largest of the three distal centralia, and 
is nearly square in outline; it articulates proximally with the tibiale 
and proximal centrale, on either side with a centrale, and distally 
with the second distal. Of the distal, the second is the largest and 
the fifth is the smallest, the third and fourth smaller than the second. 
Each distal supports its own digit exclusively. 

The digits are, it is seen by the figure and the restoration, very 
short and heavy. The first metatarsal is very characteristic in its 
broad and short form, resembling more a proximal phalanx, broadly 
expanded proximally and much constricted in the middle. At its 
distal extremity there is a fragment of the first phalanx in articulation, 
the remainder lost. The width of this fragment would indicate the 
possibility of a second phalanx ef very small size. The second 
metatarsal is much longer than the first, its proximal extremity less 
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Fic. 6.—Trematops milleri Will. 
size. 
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expanded. Its first phalanx is short and expanded, much shorter 
and smaller than the corresponding phalanx of the third finger. At 
its distal extremity is preserved the proximal extremity of a very 
small second phalanx; and there was probably no more present in the 
living animal. The third metatarsal is much longer than the second, 
with its proximal extremity more oblique to its long axis. Its distal 
extremity is quite on a line with the distal extremity of the second 
metatarsal. The first phalanx is stouter and longer than the first 
phalanx of the second digit, and a trifle smaller than that of the fourth, 
its greatest width about equal to two-thirds its length. The second 
phalanx, preserved entire, is much smaller than the first, and is very 
short and broad, its width equal to its length; it is but little constricted 
at its middle. A proximal half or end of a minute third phalanx is 
also present. It was somewhat pointed in shape, but by no means a 
claw. The fourth metatarsal is much like the third and of about the 
same length, its proximal extremity yet more oblique. Its proximal 
phalanx is a little longer than the first of the third digit, its distal 
extremity surpassing a little the distal extremity of the third metatarsal. 
The second phalanx is a little longer but no broader than the second 
of the third toe. Its third phalanx is about two-thirds the length of 
the second, but is much narrower distally. The basal of part of the 
fourth phalanx, a very small bone, is articulated with the third and it 
is very evident that it was the terminal one, and was very small and 
in no sense aclaw. The fifth toe is slender, and was divaricated in 
life. In the specimen, while still retaining its articulation with the 
tarsus, it is turned across the fourth and third metatarsals. Its 
metatarsal is much narrower, and not more than three-fourths the 
length of the fourth. Its first phalanx, likewise slender, is about the 
length of the first phalanx of the second toe, but is much narrower. 
The second phalanx, much shorter, is narrowed distally, but with a 
minute terminal knob or expansion. Possibly an ossicle not larger 
than a pin-head may have articulated here, but probably not. 

The actual phalangeal formula of the foot as preserved is, it is seen, 
I, 2, 3, 4, 2. It is possible, though not very probable, that the first, 
second, and fifth digits may have had a minute ossicle at the extremity 
of each, making the formula, 2, 3, 3, 4, 3. The feet were clawless, the 
toes ending rather bluntly. The foot as a whole, it is seen, is remark- 
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able for its broad, short form, and, because of the relatively large size 
of the tarsus, it must have been very flexible. The absence of true 
claws, such as occur in some of the Cotylosauria at least, and the 
Pelycosauria, is what we would expect. The relatively short legs and 
broad feet were used exclusively in locomotion. The front feet could 
not have been extended nearly 
as far forward as the mouth 
and could have been of no 
possible use in seizing or hold- 
ing the animal’s prey; and it 
is quite certain that the 
creatures did not need claws 
for locomotion over soft 
ground. 

In the restoration (Fig. 6) 
the front toes have been copied 
from the hind ones, and it is 
not at all probable that there 
could have been much differ- 
ence between them. That 
there were five fingers is 
shown conclusively, not only 
from the carpus, but also from 
the front foot of Eryops, as 
figured by Cope, a form which, 
in its skeletal structure, is 
closely allied to Trematops. 
The radius also is given from 


the same age by Cope. The Fic. 7.—Left coraco-scapula of Eryops 
fibula is in part conjectural, latus Case; about one-third natural size. 

as is also the length of the 

tail. It is possible that the head was set even more closely upon the 
shoulders. 

From the absence of every indication in the matrix of a dermal 
armor, it is quite probable that the creature had a bare skin; and the 
absence of claws and its short legs and feet indicate also that the 
animal lived not on high dry lands, but about the mud shores and in 
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the water. The entire absence of a neck, which is characteristic 
of all the lower vertebrates of the Texas Permian, the large, ungainly 
but flattened head, the short body and tail, and short, rather stout 
limbs, all must have given to the creature a very bizarre aspect. 

The distinction of Trematops from other genera of the rhachito- 
mous amphibians described from Texas seems certain. Its relationship 
with Eryops is evident, but, aside from its smaller size and greater 
slenderness, the structure of the head separates them widely. From 
Acheloma, which [ at first thought might be the same, there seem to be 
marked differences. Cope’s description of Acheloma leaves certain 
parts in doubt, parts of much importance in the discrimination of 
the two genera, especially the size and shape of the vacuities. He 
describes the premaxillary teeth as five in number and of large size, 
whereas in Trematops they are six in number and are among the 
smallest of the whole series. He also states that the humerus of 
Acheloma, a very remarkable thing for an amphibian, has an entepi- 
condylar foramen, whereas there is no trace of such in the present 
form. Dr. Matthew of the American Museum has very kindly 
compared the type of Acheloma, at my request, and confirms these 
details, and also informs me that the skull is different in shape from 
the figure sent him of Trematops. I have no hesitation, hence, in 
giving to the present specimen the generic name Trematops, chosen in 
reference to the numerous vacuities of the upper side of the skull. 

A further discussion of the habits and relationships of Trematops 
and Eryops will be given in a future paper, after other forms have been 
described, especially a nearly perfect skeleton, with all its bones in 
natural relations, of a small species of Pariotichus, which will furnish 


the subject for the next paper of this series. 
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BASE-LEVEL OF EOLIAN EROSION 


CHARLES R. KEYES 

The recognition of a land-level coinciding very nearly with that 
of the surface of the sea, but below which stream-corrasion cannot 
go, is a concept which has had such a potent influence in molding 
opinion concerning land-sculpturing and its evolution that any excep- 
tion or modification is yet to receive general approval. That the 
generalization is not of universal application recent observations afford 
many proofs. Notwithstanding the fact that Powell’s Law of the 
Base-Level of Erosion' had its inception in the arid land, later con- 
siderations show that it is really strictly referable only to countries 
enjoying climatic conditions of normal humidity. 

Vast areas of the globe there are where, it must be conceded, the 
effects of stream-corrasion are necessarily very impotent or practically 
nil. These are the great arid tracts, or deserts, where the annual 
rainfall is less than ten inches, nearly all of which sinks into a porous 
and thirsty soil and never appears in the rédle of stream-water. In 
such regions, as it has been recently shown,’ erosion and shaping of 
the land forms are chiefly accomplished by wind-scour, or deflation. 
The great vigor with which general eolian erosion may operate, 
when moisture does not interfere, is indicated by the recent estimates 
that on the soft rock-belts eolative effects are ten times greater than 
they would be on the same rocks in a humid land, although on the 
harder rock-masses the rate is scarcely one-tenth so much. 

In the general leveling and lowering of the surface of a country 
notably elevated and fully exposed to the influences of an arid climate, 
one of the most remarkable results is that the plain is the characteristic 
and dominant feature from the very beginning of a geographic cycle; 
while in a humid climate the plain only becomes notably developed 
in the very last stage. Eolian erosion in a dry country may thus be 

: Expl. Colorado River of the West (1875), p. 207. 

2 Bull. Geol. Soc. America, XIX (1908), 81; also, Journal of Geology, XVII 


(1909), 
3 Journal of Geography, VII (1908), 33- 
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regarded as pre-eminently plains-forming. On this account, mani- 
festly, it is that in the arid regions of our western country there is the 
vast general plains-surface, a veritable and illimitable sea of earth 
out of which, isle-like, rise the myriads of lofty desert ranges whose 
foundations are the harder rock-masses. 

In the absence of distinctive stream-action in the desert regions 
there has appeared no delimiting factor controlling the general lower- 
ing of an arid area, comparable to that establishing a base-level of 
erosion postulated for every humid land. The difficulties arising from 
this want of a general planation-surface to which all relief features 
of the desert could be referred are especially noted by Passarge' in 
his masterly treatment of the South African “ Inselberglandschaft.” 
Penck? also appreciates the same difficulty when he suggests 
that so long as the ocean be held back from a desert eolian erosion 
might go on indefinitely below sea-level. In his discussion of the 
geographic cycle in an arid climate Davis’ apparently recognizes the 
force of this desideratum, but refers this most conspicuous plains- 
characteristic to the results of perfected drainage and general lowering, 
much as they are accomplished under conditions of humid climate, 
though at an infinitely slower rate. That there is really a level below 
which eolian erosion in arid regions cannot go and which for all 
practical purposes corresponds to the base-level of stream-corrasion 
in a moist country, seems amply demonstrated by recent observations 
made in Death Valley and in the Imperial Valley, in California, areas 
lying below sea-level. The testimony seems fully corroborated in 
other desert valleys of the region. 

Until lately the origin of the larger and most characteristic relief- 
features of the great desert regions of the globe has remained without 
adequate or satisfactory explanation. Direct genesis upon the basis 
of ordinary tectonics, or of normal erosion during former wet-climate 
periods, or of water-action under present conditions, has always met 
with unsurmountable obstacles. When recently+ the physiognomy 
of our western country was briefly considered from the viewpoint of 

Zeitsch. d. deut. geol. Gesellsch., LVI. Bd. (1904), Protokol, p. 191. 

2 Am. Jour. Sci. (4), XIX (1905), 165. 

3 Journal of Geology, XIII (1905), 382. 


4 Ibid., XVI (1908), 434. 
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purely eolative origin, the present lofty mountains and the immeasur- 
able intermont plains were regarded simple, differential effects of 
wind-scour. Extended observations seem conclusively to show that 
there once existed at a level of about 5,000 feet above the present 
general plains-surface an old uplifted peneplain. Out of this were 
sculptured existing highland and lowland, the belts of more resistant 
rock-masses forming the mountain ranges and the belts of weak rocks 
the intermont plains. Compared with the usual operations of the 
geologic processes under normal moist conditions the most noteworthy 
effects of those under conditions of an arid climate are the prevalency, 
constancy, and high efficiency of wind-scour action, deflation, or 
eolation, the very subordinate, local, and sporadic character of water- 
action, and the remarkable plains-forming tendency which eolian 
erosion imparts to the landscape.’ 

In the South African deserts Passarge has devoted special atten- 
tion to the work of the winds. The importance of his great general- 
ization lies in the suggestion that it is possible under conditions of an 
arid climate for the general planation of vast areas to go on without 
regard to sea-level. For a long time this author? found great difficulty 
in accounting for the great plains-surfaces by wind action alone, for 
the reason, as he explains, that the wind has no base-level of erosion 
and must continue the work of excavation and removal wherever the 
rock-floor is not resistant. There appears to be, however, a limit 
even to this desert-leveling and eolian excavation. The ground- 
water level in a structurally inclosed basin must finally put a stop to 
wind-action by keeping the surface moist, either giving rise to salinas 
or forming a basin into which sporadic storm-waters find a long 
resting-place.s This would seem to be the case of the Death and 
Imperial valleys of California, the basin of Lake Eyre in Australia, 
the Aral and other basins of western Asia, and many of the great 
depressions of the Sahara. 

The absolute independence of one another of neighboring inter- 
mont plains, such as everywhere occur in the American arid regions, is 

t Pop. Sci. Mon., LXXIV (1909), 23. 

2 Zeitsch. d. deut. geol. Gesellsch., LVI. Bd. (1905), Protokol, p. 108. 


3 Am. Jour. Sci. (4), XVI (1903), 377- 
4 Bull. Geol. Soc. America, XIX (1908), gt. 
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perfectly inexplicable on any postulation of normal stream-action. It 
is, moreover, nowhere more strikingly shown than in the Death 
Valley district; and it is clearly recognizable throughout the desert 
country. Nor is this genetic independence of development satis- 
factorily explained on the basis of tectonics. The profile below, 
through the Death Valley region, displays these relationships of 
several adjoining intermont plains. 

In neighboring valleys of the dry region the local level below 
which eolian erosion cannot go seems to be sharply determined by 
lines where the ground-water surface reaches sky. It is much the 
same as when in a humid land a barrier to surface drainage fixes 
for a time the local base-level. Those local geologic structures which 
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Fic. 1.—Hypsometric Independence of Intermont Valleys of the Arid Region 


control ground-water level may be slightly or very different in neigh- 
boring intermont areas; but so long as in the one the level of phreatic 
waters comes to the surface of the ground and in another it does not, 
the effects of differential deflation will be very marked and plains of 
the first-mentioned class will remain high above the other, notwith- 
standing the fact that the two appear to be directly connected so far 
as their surface drainages are concerned. 

Death Valley and the Imperial Valley, before the Salton Sea grew 
so large through the incursion of the waters of the Colorado River, 
are good illustrations of this phenomenon. In the case of the first- 
mentioned of these valleys especially, now about 500 feet below sea- 
level, it is not at all likely that the salt lake which occupies a portion 
of its area is so much due to the desiccation of surface waters drained 
into the depress‘ vn from all sides as it is to the fact that the valley is 
excavated by deflation down to a level where it could go no farther on 
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account of the inflow of phreatic waters. This seems to be also the 
true explanation of the presence of many of the salinas and playas 
which are of such frequent occurrence throughout the arid country. 
The surface waters derived from the violent but sporadic “cloud- 
bursts” contribute to playa-formation' in many cases, but in the 
majority of instances the ground-waters doubtless have very much 
the greater influence. 

A noteworthy instance is the Sandoval bolson, or Estancia 
plains, in central New Mexico. This is the highest and driest 
bolson of the Mexican tableland within the limits of the United 
States.’ Its surface is 6,000 feet above the sea. Its center is occupied 
by a great chain of dry and bitter lakes. In all of its vast area, and 
during a period of 400 years since the earliest Spanish invasion, only 
two small springs of potable water were known within its confines. 
Recently, it was inferred from the general character of the great 
basin, its geologic structure, and the location of two springs, that 
ground-water level at certain points must come very near the surface. 
Proceeding upon this hypothesis several test-wells were put down 
and the inference found to be correct. At once there was excavated 
an area of several acres in extent for reservoir purposes. Now there 
stands a fine large body of soft water, the surface of which comes 
within a few feet of that of the surrounding plain. Around the lakelet 
a prosperous town has sprung up. 

As the geographic cycle in an arid region goes on and the whole 
face of the country becomes worn down to the condition of a pene- 
plain there finally must come a time when the general ground-water 
level nearly coincides with that of the plains-surface and deflation 
can proceed no farther. This level which is perfectly independent 
of sea-level can never be very far below it. The base-leveled area 
in an arid region may thus compare favorably in size and character 
with any of the peneplains in humid climates. The base-level of 
eolian erosion under conditions of an arid climate seems as com- 
pletely controlled and as sharply delimited by definite physical factors 
as is normal peneplanation. 

t Am. Jour. Sci. (4), XVI (1903), 377- 

2 Journal of Geology, XVI (1908), 434- 
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THE MALASPINA GLACIER REGION OF ALASKA 


LAWRENCE MARTIN 
Assistant Professor of Geology, University of Wisconsin 


The Malaspina Glacier region of Alaska may be of especial interest 
to geologists at the present time for two reasons. The great earth- 
quakes in Yakutat Bay, just to the east in 1899, involved faulting and 
changes of level of the land. The eastern portion of the Malaspina 
Glacier itself, with adjacent valley glaciers, is engaged in one of the 
greatest ice-advances of modern times, due indirectly to these earth- 
quakes.’ 

Different parts of this region have been described in some detail 
by the late Professor I. C. Russell, of the University of Michigan, 
Dr. G. kK. Gilbert, of the U. S. Geological Survey and the Harriman 
Expedition, Professor R. S. Tarr, of Cornell University, and the writer, 
as well as others listed below. 

The model or relief map here described (Fig. 1) includes the 
Malaspina Glacier, and the adjacent region near Mount St. Elias and 
Yakutat Bay, about 7,350 square miles in Alaska and Canada, near 
60° N. Latitude, and 140° W. Longitude. On this model whose 
vertical and horizontal scales are the same (1:80,000), about one 
mile and one-quarter equals one inch. The model is about seven 
feet by four and two-thirds feet. Its cost of construction was pro- 
vided by the Geological Department of the University of Wisconsin. 
It is based upon a brief general view of the whole region by the writer 
in 1904, upon several months’ field-work in the eastern half of the 
area in 1905, both years in U. S. Geological Survey parties, but 
chiefly upon maps, photographs, and descriptions by I. C. Russell, 
and the Alaska Boundary Commissions, as well as the work of Lieu- 
tenant Schwatka’s New York Times Expedition, H. W. Seton-Karr, 
William Libbey, the Topham Expedition, George Broke, the Cana- 
dian Boundary Commission, H. C. Brabazon, the Duke of the Abruzzi, 

This region was revisited in 1909 by the National Geographic Society’s Alaskan 
expedition for the study of glaciers under the direction of R. S. Tarr and the writer. 


Important observations on the additional advance and recession of glaciers were made. 
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Vittorio Sella, H. C. Bryant, C. E. Hill, the Harriman Expedition, 
G. K. Gilbert, Henry Gannett, the U. S. Fish Commission, the U. S. 
Coast and Geodetic Survey, the U. S. Boundary Commission, Fre- 
mont Morse, the U. S. Geological Survey, A. G. Maddren, E. 
Blackwelder, R. S. Tarr, and others. 

Over two months were required and about 625 different photo- 
graphs and a number of maps and charts, including some unpublished 


THE MALASPINA GLACIER 


Fic. 1.—The model or relief map of the Malaspina Glacier, with Mt. St. Elias 


and adjacent mountains, and Yakutat Bay, Alaska. 


materials, were used in making the original clay model from which 
the plaster-papier-maché reproductions are made. An_ expert 
mechanician, Mr. E. H. J. Lorenz, has done most of the modeling. 
The model shows a portion of the lofty St. Elias range whose 
snow-fields cover everything above 2,500 to 3,000 feet, where slopes 
permit. From these snow-fields innumerable glaciers extend down 
the valleys, in several cases reaching the Pacific Ocean, Disenchant- 
ment Bay, or Russell Fiord, and discharging icebergs. One great 
group of these valley glaciers has united at the foot of the mountains 
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whose area exceeds 


in a piedmont ice-sheet—the Malaspina Glacier 
1,500 square miles. Most of this area is clear ice but where parts of 
the border are stagnant they have been covered by ablation moraine 
upon parts of which forests have grown. This is the largest glacier in 
the world outside the Arctic and Antarctic regions. 

The east half of the model shows a series of fiords with cirques, 
hanging valleys, etc., produced by ice-erosion when the glaciers were 
more extensive, as well as the glacial coastal plain known as the 
Yakutat Foreland. Marginal lakes, medial, lateral, terminal, and 
recessional moraines, and outwash plains are shown. 


THE VARIATIONS OF GLACIERS. XIV' 


HARRY FIELDING REID 
Johns Hopkins University 


The following is a summary of the Thirteenth Annual Report 
of the International Committee on Glaciers.’ 


REPORT ON GLACIERS FOR 1907 

The greater number of the glaciers of which we have any informa- 
tion are retreating; the glaciers of the Scandinavian Alps alone are 
entering a period of advance; this advance, which started some 
years ago in the Jostedal, became fairly general in 1907. 

Swiss Alps.—The retreat is general, but nevertheless it is not so 
strong as during the preceding years, which is probably due to 
changes in meteorological conditions. Of the fifty glaciers observed 
only one, the Glacier de Vorab, in the basin of the Rhine, has shown 
any marked growth. It advanced 133 meters between 1904 and 1907.3 

Eastern Alps.—Of the twenty-five glaciers observed in 1906-7, 
twenty-four are retreating and one is stationary; therefore the slight 
advance indicated by some glaciers in 1g05 has given way to a 
general retreat.+ 

Italian Alps.—Observations on glaciers on the south side of 
Mont Blanc, and in the Lombard and the Venetian Alps, show a 
retreat more or less marked.§ 

French Alps.—Measurements of the amount of snowfall in the 
neighborhood of Chamonix show that in the winter of 1906-7 the 
quantity of snow which fell was 20 to 25 per cent. greater than for 
many years past. This region seems to be passing through a snowy 
period; nevertheless the glaciers themselves are still retreating, and 
we shall probably have to wait many years before the heavy snowfall 

' The earlier reports appeared in the Journal of Geology, Vols. III-XVL. 

2 Zeitschrift fiir Gletscherhunde, 1909, Vol. III, pp. 161-85. 

3 Report of Professor F. A. Forel and M. E. Muret. 

4 Report of Professor E. Briickner. 


5 Report of Professor O. Marinelli. 
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becomes effective in an advance of the ice. In the Maurienne also 
the retreat is general. In the Dauphiné observations have shown 
very heavy snowfalls and continued retreat of the glaciers.’ 

Pyrenees.—In the Pyrenees the heavy snowfalls covered the small 
glaciers so completely that satisfactory observations could not be 
made.? 

Norway.—A marked change has occurred in the glaciers of Jotun- 
heim; in 1g04-5 only six of these were advancing and seventeen 
were retreating. In 1905-6 seven were advancing and the same 
number retreating. In 1906-7 fifteen were advancing and only three 
retreating. In the region of Jostedal and Folgefon the advance, 
which began earlier, continues to hold its own. 

Russia.—Two glaciers in the Caucasus seem to be in retreat; 
but the Midagrawin and Devdorak, in the Kasbek group, are 
apparently advancing. The latter glacier is extremely: interesting 
as it has been the cause of many disasters in the Dariel pass. 
In southern Asia all the glaciers observed are retreating but in the 
western Pamir the snowfall seems to have increased markedly.+ 

Canada.—The observations of the Messrs. Vaux show that a 
number of glaciers, namely, the Illecillewaet, the Asulkan, the 
Victoria, and the Yoho, have all retreated in 1906-7, and some of 
them very strongly. The Asulkan and the Victoria had been 
approximately stationary for several years.‘ 

Himalaya.—The Geological Survey of India has undertaken 
to survey the ends of the great Himalayan glaciers for the purpose 
of determining their variations, so that we may expect definite results 


6 


before very long. 
REPORT ON THE GLACIERS OF THE UNITED STATES FOR 19087 
The Big Timber Glacier in the Crazy Mountains of Montana 
was visited in 1907 by Messrs. Wolff and Mansfield. The general 
Report of M. Ch. Rabot. 3 Report of M. P. A. Oyen. 
2 Thid 4 Report of Colonel J. de Schokalsky. 
s Report of MM. George and William S. Vaux. 
© Report of Mr. Douglas W. Freshfield. 
7 A synopsis of this report will appear in the Fourteenth Annual Report of the 


International Committee. The report on the glaciers of the United States for the year 
1907 Was given in this Journal, Vol. XVI, pp. 666-68. 
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appearance of the glacier indicates that it has been stationary during 
recent years." 

The Arapahoe Glacier, Colorado, does not seem to have changed 
since 1907, though the winter of 1907-8 was very dry (Henderson). 
The Hallett Glacier has receded slightly (Wills). 

Professor W. D. Lyman reports that there are large glaciers along 
the Olympic Mountains in Washington. In particular, the Ho 
Glacier, on Mt. Olympus, is almost comparable with the glaciers of 
Mt. Rainier. 

Mr. Fremont Morse, of the United States Coast and Geodetic 
Survey, has kindly sent the following account of the Alsek Glacier, 
and others near it, at the southeast end of the Brabazon range and 
northwest of the Fairweather group: 


The Alsek Glacier is divided at the discharging face by a nunatak, and the 
lower portion discharges into a deep lake in which the largest bergs float around 
freely. The face showed no perceptible change in location between 1906 and 
1908, but this portion of the glacier was considerably more active than it was in 
1906, according to the report of my assistant, Mr. L. Netland, who was up the 
river both seasons. The upper portion of the glacier, above the nunatak, is 
apparently dying. The ice in it is all dirty, and but few bergs were detached from 
the face while we were in the vicinity. The face has retreated since 1906, and 
at the low stage of the river in September there was a gravel bar exposed in front 
of the ice face. 

The next great glacier up the river is on the right bank in the next bend of the 
river. It is directly connected with the great ice-reservoir from which the nunatak 
and Hidden glaciers discharge into Russel Fiord, and from which the Yakutat 
Glacier flows toward the ocean. This glacier seems to be retreating. Its front 
is now about two and a half miles from the river bank. 

At the second canyon of the Alsek the glacier which forms the left bank of the 
canyon seemed to be advancing slightly on its east side. There the ice was crush- 
ing the alder bushes on the lateral moraine in one place that came under my notice. 
I cannot say whether the front of the glacier had advanced since 1906, but Mr. 
R. D. Ritchie, assistant to the Canadian representative who was with my party, 
and who was up the river in 1906, said the glacier was much more active than at 
the time of his former visit. 

I judged from the appearance of the numerous small glaciers in the canyons 
that the general movement of the ice in the region adjacent to the Alsek was one of 
retreat. 


' George Rogers Mansfield, ‘Glaciation in the Crazy Mountains of Montana,” 
Bull. Geol. Soc. Am., Vol. XIX, pp. 558-67. 
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The Grand Pacific Glacier, which debouches into the upper end 
of Glacier Bay on the south and into the valley of the Alsek 
River on the north, seems to be retreating in its northern portion 
(Netland). This is in conformity with the marked retreat of its 
southern end, reported for several years. 

Dr. L. S. Camicia has been keeping a record since 1go1 of the 
position of the Valdez Glacier, Prince William Sound, Alaska. A 
stone monument was made on the moraine in front of the glacier 
and the distance to the ice determined. He found the following 
variations, measurements having been made in June of each year: 
1901-2, a retreat of 39 feet; 1902-4, 165 feet; 1904-5, 138 feet. 
The next observation was made in October, 1908; as the monument 
had been destroyed, he estimated its position as well as he could, 
and found a retreat since the last observation of 244 feet, making 
a total retreat from 1go1—8 of 586 feet. The destruction of the monu- 
ment seems entirely explained by the advance recorded in the follow- 
ing account kindly sent me by Professor U. S. Grant: 

NOTES ON THE GLACIERS OF PRINCE WILLIAM SOUND, ALASKA, 1908 

Maps showing the location of these glaciers may be found in Vol. II of the 
Harriman Alaska Expedition, and in Bulletins 284 (p. 79) and 345 (p. 177) of the 
U. S. Geological Survey. 

Valdez Glacier.—The western part of the front of this glacier was visited about 
August 1, 1905, and again on July 11, 1908. Some time during this interval the 
glacier has advanced 250 to 350 feet and built a moraine and then retreated nearly 
to its former position. On the extreme western edge the ice in 1908 was about 
100 feet in advance of its position in 1905. 

Shoup Glacier.—This glacier was visited on July 4, 1905, and on July 13, 1908. 
The front was practically in the same position on each of these dates. 

Columbia Glacier.—This glacier was visited by the Harriman Expedition on 
July 25-27, 1899, and by Grant on July 10, 1905, and July 15, 1908. At the north 
end of Heather Island photographs show the precise position of the front of the 
glacier at these three dates. In 1905 the ice front had retreated 160 feet from 
its position in 1899, and in 1908 it had advanced 112 feet beyond its position in 


1905. 

Glaciers oj Icy Bay.—The maps of this bay, which lies west of the south end 
of Chenega Island, show it to be about four and a half miles long, with a glacier at 
its head. A traverse of the shoreline of this bay in 1908 shows it to be about 11 
miles in length with a tide-water glacier at its head. On the north side of the bay, 
6 miles from its head, is a smaller bay, nearly two miles in length; and at the head 
of this smaller bay are two tide-water glaciers. The description of Whidbey, who 
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was attached to Vancouver's exploratory expedition of 1794, states that this bay 
was four and a half miles deep and was terminated by a perpendicular cliff of ice. 
This would seem to indicate a retreat of ice in the axis of Icy Bay of some six and 
a half miles from 1794 to 1908. 

Glaciers of Port Nell Juan.— There are three tide-water glaciers in this bay, all 
showing retreat in recent years. The largest of these glaciers is in the third (from 
the entrance) of the southerly arms of Port Nell Juan. Near the western side of 
the end of this glacier there is a granite knob, rising some 175 feet above tide, on 
which is a small moraine marking an advance of the ice into a straggling forest. 
This advance was probably about 20 years ago, since which there has been a 
retreat of the ice for 500 feet.' 

Barry Glacier.—In 1905 this glacier was found to have retreated markedly 
since 1899. It was visited again in 1908 and its front was found to have retreated 
on the east side about a fourth of a mile, and more than this on the west side, since 
1905. 
Bainbridge Glacier.—Within the last few years this glacier has retreated to a 
small extent as shown by a bare, treeless zone on the south side of the front, and by 
a small moraine on the north side of the front. "This moraine on August 3, 1908, 
was 30 to 60 feet in front of the end of the glacier, and the moraine in part lies 
against a forest some of whose trees were overturned by the ice. 


The Matamaka Glacier, the source of the river of the same name, 


which flows into the head of Cook Inlet, was apparently retreating 
in 1905. The glacier was from three to five miles at its end (Griffith). 


' There was a slight advance of Muir Glacier between 1890 and 1892. 
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The Guadalupian Fauna. By Georce H. Grrty. Professional 
Paper 58, U. S. Geological Survey. Pp. 651, 31 plates. 1909." 

The appearance of this work, which, according to Dr. Girty, has been in 
the form of page-proof nearly a year and a half, marks an epoch in the 
production of fine monographic reports on the upper Paleozoic faunas of 
America. The subject-matter is no less interesting and important than 
the quality of the workmanship on the book. It brings to light the most 
unique and one of the most important faunas known from the American 
Anthracolitic rocks, and one which must be reckoned with in any broad 
correlation of horizons above the Mississippian. It represents an immense 
amount of careful work and painstaking discrimination on the part of 
the author. 

This fauna was first discovered by G. G. Shumard in 1858, and was 
described by his brother, B. F. Shumard, in 1859. Since that time it has 
remained unnoticed until the appearance of the present elaborate report, 
save a couple of preliminary papers by Dr. Girty. All told there are 326 
species and varieties. Of these, over 180 forms are defined and illustrated 
as new, over a hundred undesignated; the remainder are previously 
described species. 

In the introduction the stratigraphy is passed rather briefly; 51 pages 
are devoted to it and the correlation, the remainder being given to the 
systematic paleontology. 

The stratigraphic relationships of these Permian beds are peculiar and 
interesting. They are brought to the surface by a westward-facing fault- 
scarp as it dies out into a fold to the south. Other mountains occur to the 
west and northwest with older faunas, and only in this one locality is the 
nearly full section of the Guadalupian rocks shown. The Capitan lime- 
stone (white Permian limestone of Shumard) is 1,700 or 1,800 feet in 
thickness. Below this is the Delaware Mountain formation composed of 
dark limestones and sandstones with a black limestone 200+ feet thick 

t The cover and title-page bear the date 1908. However the book was not distrib- 
uted until about February, tgog. Ordinarily this close discrimination of dates would 
be unnecessary, but since something over 180 new species, nine or ten new genera, 
and three new families of a rather cosmopolitan fauna are named and defined it is 
important that the date on the title-page should be correct. 
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beneath it, giving, all told, some 2,500 feet to this formation and a total of 
about 4,000 feet to the whole Guadalupian section as shown at the southern 
extremity of the mountains. The stratigraphy was largely worked out by 
Richardson. To the east, on the dipslope of the mountain, the Capitan 
limestone is wanting. An erosional unconformity is found on the Delaware 
Mountain formation upon which rests the Castile gypsum. The exposures 
of the region show 50 or 60 feet of it and a well at Rustler spring penetrated 
it to a depth of 300 feet. Upon this gypsum lies the Rustler formation 
consisting of magnesian limestones and sandstone with an average thick- 
ness of about 200 feet. To the east, and upon this, lie the Red beds. Rich- 
ardson’s interpretation of the stratigraphic succession is as follows: 

The Castile gypsum along its western outcrop lies on little knolls and valleys 
of the underlying Delaware Mountain formation, indicating an erosional uncon- 
formity. Another evidence of unconformity at the base of the gypsum consists 
in the absence of the Capitan limestone. It appears that either the gypsum was 
deposited at or near the top of the Delaware Mountain formation as a lens which 
did not extend westward to intervene between the Delaware Mountain formation 
and the Capitan limestone in the Guadalupian Mountains, or that erosion had 
removed the former southwestward extension of the limestone (the thickness of 
which is unknown) before the deposition of the gypsum. The former position 
necessitates the correlation of the Rustler formation, which overlies the gypsum, 
with the upper part of the Delaware Mountain formation or the Capitan limestone. 
But there is little to support this interpretation, and it is tentatively assumed that 
the Castile gypsum and the Rustler formation were formed after the deposition 
and erosion of a part of the Capitan limestone.? 


The Red beds approach the Guadalupes closely from the north, and 
Tarr states that a thousand feet or more of sediments come in on top of the 
Capitan limestone to the north in New Mexico. Up to the present time 
the Triassic has not been reported from southern Texas and southern New 
Mexico, Lee’s researches along the Rio Grande in New Mexico and3 the 
explorations of the Texas survey having failed, so far, to reveal it. So 
it would not be at all impossible that the Rustler formation pushes up the 
dipslope and over the Capitan limestone farther north, and that both lie be- 
neath the upper Red beds. However, it is not certain that this happens, and 
Dr. Girty’s interpretation of the faunas seems to be that such is not the case. 
Nevertheless the fact that the unconformity exists, that the Capitan limestone 
is unknown beneath the unconformity lying upon its natural dipslope, and 


t Bull. g, Univ. Tex. Min. Surv., 1g04. 
2 Op. cit., pp. 43, 44. 
3 Jour. Geol., XV, pp. 52-58, 1907. 
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Tarr’s statement that a thousand feet or so of rocks come in over the white 
limestone (Capitan) a little farther north in New Mexico, would seem to be 
indicative of the stratigraphic position of the Guadalupe beds. However, 
the age of the uppermost beds has not been ascertained. Even though they 
were Triassic it would seem to leave the Guadalupe beds below the Permo- 
Triassic unconformity which is known to exist in the Texas Panhandle, 
northern New Mexico, and Colorado. This would leave a strong possibility 
of the Capitan limestone being no younger than the Whitehorse beds, or 
the Quartermaster beds! at best. 

However, Dr. Girty, who has been over the south end of the Guadalupes 
passes Tarr’s statement —that ‘‘the total section exposed in the Guadalupes, 
approximately stated, cannot be less than 4,000 feet, including the New 
Mexico series, which exist above the white limestone’’—with the remark: 

I do not know what rocks are intended by this indefinite statement. The 
Capitan limestone is not known in Texas, so far as I am aware, save in the Guada- 
lupe Mountains and the foothills adjacent, where no overlying series is exposed. 
It must of necessity extend northward into New Mexico, unless faulted out, but 
all our faunas from New Mexico, so far as I have examined them, show an alto- 
gether different facies, one more suggestive of beds which there is every reason to 


believe lie below the Guadalupian. 


The fauna consists of 326 forms: Protozoa, 9; Sponges, 24; Coelenter- 
ates, 10; Echinoderms, 7; Vermes, 1; Bryozoa, 44; Brachiopods, 128; 
Pelecypods, 45; Scaphopods, 1; Amphineura, 1; Gastropods, 42; Cepha- 
lopods, 9; Crustaceans, 5. “‘Aside from the species which Shumard had 
described, most of the Guadalupian forms appeared to be new.” The 
characteristics of the various classes are briefly mentioned, followed by lists 
from the various localities and horizons. 

The principles which have guided the author in making his determina- 
tions are stated as follows: 

It has been said no less truly than often that it is easier to combine two species 
that have been injudiciously discriminated than to disengage two species that have 
been injudiciously combined, and it is also true that loose discriminations and 
loose identifications lead to loose correlations. I have felt under obligations to the 
workers in this field to leave a species whose relationship I was unable to deter- 
mine as unentangled as possible, and to establish the nomenclature on a reason- 
able and permanent basis. Consequently, in doubtful cases I have leaned con- 
sciously to the side of species-making, nor would I feel deeply concerned should 
it prove on just evidence not now accessible to me that some of my names are 
synonyms. 


t See Kans. Univ. Sci. Bull., IV, No. 3, pp. 115-71, 1907. 
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In accordance with these principles his specific discriminations are very 
close. This is a thing to be desired provided it is taken into account that 
mere difference of species is of much less significance than when broader 
definitions are used. The closer the specific discriminations are drawn 
the closer the relationship of distinct species may be. This fact should be 
taken duly into account in making wide correlations of faunas. 

In working out these relationships and correlations eight pages are 
devoted to the enumeration and citation of foreign literature on the Anthra- 
colitic faunas of the world, with brief sentences as to their relationships 
to the fauna described. About ten pages are devoted to the discussion of 
the relationships of the Guadalupian, Kansan, and Russian faunas. 

With regard to the foreign faunas he states: 

In all these faunas there is none, I regret to say, with which the Guadalupian 
can really be considered to be closely allied. The nearest are probably the Salt 
Range and Himalaya, in India, and the Fusulina limestone of Palermo, in Sicily; 
but in this judgment, in the case of the Indian faunas especially, I may have been 
too strongly influenced by the occurrence of those two singular brachiopod types, 
Richtojenia and Leptodus. The fact is perhaps without special significance, but 
it may be noted that the occurrences of this faunal facies, or at least the occurrences 
of these genera, in the three instances mentioned, occupy closely corresponding 
positions with regard to the earth’s equator, and may indicate a zonal develop- 
ment in the late Carboniferous. 

Again: 

The resemblances shown by the Guadalupian fauna to even the most similar 
of those brought into comparison are sporadic and almost immediately offset by 
differences as great. 

It may be that the author has discounted relationships because the 
species, minutely discriminated, are not identical with those in these very 
widely separated countries. 

Tables, such as those used by Diener in his work on the Himalayan 
faunas, indicating the distribution of identical and allied species through- 
out the world and which are so very helpful in epitomizing a work like this, 
are wanting. The discussion of the relationships of the faunal units is 
given under the head of the family in which the species or genus occurs, 
in the systematic part of the work. To collect these scattered discussions 
and tabulate them so that any general deductions could be drawn from them 
by the reader is beyond the scope of a review of this kind. 

In the discussion of the Kansas and Russian Anthracolitic faunas Dr. 
Girty states: 

Regarding the correlation of the Kansas ‘‘ Permian” with the Russian Permian 
I have not seen any very explicit or satisfactory evidence. The question, it appears 
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to me, should be considered both in the relation of the Kansas fauna and the 
Permian fauna as individual and detached entities; in the entire faunal sequence 
of Kansas to the sequence of the Russian faunas; and, finally, in relation to the 
collateral evidence which the faunas of other sections bring to the discussion. 

The chief arguments which Mr. Prosser has advanced for the correlation 
seem to be these: The great development of Fusulina in the Russian section just 
below the Permian, paralleled by the development of the same group precedent to 
the “Permian” of the Kansas section; the development of Bakewellia in the 
Kansas ‘‘ Permian” and the typical Permian of Russia; and the development in 
the same beds of the Pseudomonotis group of shells. As to Pseudomonotis, the 
genus was introduced in the Kansas section considerably before the ‘* Permian.” 
The abundance with which it occurs at about the horizon of the Kansas “‘ Permian” 
appears to me a subordinate ‘matter. Again, after critically examining the best 
specimens of Bakewellia which could be obtained, I have been brought to entertain 
serious doubts as to their generic identity with the Bakewellias of the English 
Permian as represented in King’s monograph. The dentition appears to be 
different and they seem to lack the characteristic series of ligamentary pits. 

The statement of the early appearance of Pseudomonotis in the Kansas 
rocks is true, although it had not been noted when Prosser’s statement 
was made in 1895, but it is very remarkable that this fact should be used 
as an argument against the youth of the higher beds in which it is abundant 
and characteristic. The same could be said of other Kansas fossils, but 
I regard it as an indication of the relative youth of the Kansas deposits, 
rather than their antiquity. Some of the species referred to Bakewellia 
probably belong to Jakowlew’s genus Cyrtodontarca from the Permo- 
Carboniferous of southeastern Russia, while the others may be closely 
related to them. The Coal Measures rocks of the world, so far as I am 
aware, nowhere exhibit the faunal assemblage of these shells and the 
associated pelecypods found in these strata in Kansas. 

As to the occurrence of the Fusulinas referred to above, it would seem 
to be the strongest possible evidence in favor of the homotaxy of the deposits. 
The differences pointed out by Dr. Girty—mentioned later—between the 
Kansas species and those of Europe are, perhaps, not so important as he 
supposes. In fact the Fusulinas from many of the Kansas horizons, were 
sent by St. John to Moeller who carefully studied them and referred them 
to European species After studying the Fusulinas from practically all 
the horizons above the Oread limestone in Kansas the late Dr. Schellwien’s 
letters are decidedly positive, not to say emphatic, on these points and 
opposed to Dr. Girty’s views. 

It might also be pointed out that just below the Artinsk a zone in the Russian 
section is characterized by the profusion of Schwagerinas occurring associated 
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with Fusulinas. Now Schwagerina has never been reported from the Mississippi 
Valley, while I have recently offered reason for believing that the Fusulinas of the 
Kansas section, if they do not belong to a different genus, at least show important 
differences from the typical Fusulinas. These facts seem to destroy Mr. Prosser’s 
argument so far as this item of evidence is concerned. At the same time 
these very forms furnish more staple evidence looking somewhat in the same 
direction. 

In his discussion of the Kansas ‘‘ Permian”? Dr. Girty, as he states in 
another place in the discussion, refers only to the Chase stage, that is, the 
strata between the Wreford limestone and the Winfield limestone inclusive 
and the Marion formation.t| The burden of Dr. Girty’s argument, quoted 
above, and more especially stated by him in other places in the book, is 
that the Chase stage seems to be of Gschelian age,? although he is undecided 
about it and commits himself to no positive correlation. Since he wrote 
the statements last quoted, typical Schwagerinas have been found in the 
Kansas rocks. They were found, not up in the rocks of the Chase stage, 
but in the Neva limestone a hundred and fifty feet below its base. It 
is associated with Fusulina of the /ongissima type on the one hand, and, 
more or less closely, with a micro-foraminiferal fauna of Permo-Carbonif- 
erous character on the other. Spandel described, from the same locality 
and probably from the same stratum, a micro-foraminiferal fauna, men- 
tioned by Dr. Girty, partly of distinctly Coal Measures types and partly 
of distinctly Permian types. 

Following this Dr. Girty points out a long list of Permian fossils of 
Eurasia which are wanting in the Kansas section, which is interpreted as 
evidence against the Permian age of the Kansas rocks. Among these are 
Strophalosia, five species of Productus, etc. Strophalosia is not uncommon 
in several beds near the base of the Chase stage, 114 specimens of a species 
of it having been taken from a single layer in a small exposure of the Garri- 
son formation, and altogether about 250 specimens of it have been noted. 
They are not of the Zechstein type, however, but are of the type, probably, 
of S. parva King, of the English Permian. 

It would seem that the general physical conditions prevailing throughout 

: Almost without exception the Kansas writers have used the term “‘ Permian”’ in 


the sense of including the Artinsk, as have almost a!l paleontologists. Dr. Girty is 
mistaken in his assumptions to the contrary. 


2 In the use he makes of the term Gschelian he includes the Schwagerina horizon 
which is wanting in the type locality of the Gschelian and comes in above it in the 
Ural-Timen region. It is not so included by many European writers. He here takes 
the opposite stand from what he assumes in refusing to class the Artinskian with the 
Permian. 
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the world at the beginning of and during, Permian time must be taken into 
account in making broad correlations of Carboniferous and Permian 
faunas. The significance of the evolution of a provincial fauna in a great 
epicontinental sea, covering two or three hundred thousand square miles, 
with inadequate and perhaps only intermittent connection with the open 
sea of the continental shelves in America, should be as great as the evolution 
of a fauna in the Urallian region. This significance is increased when it 
is taken into consideration that both developed during the time when the 
water was being drawn from the shelves of both continents and the areas of 
the inland seas were being greatly reduced. 

In this light the parallelism in the nature of the deposits of the two 
regions, accompanied by a like parallelism of faunal changes, is of funda- 
mental importance, and deserves a larger consideration than Dr. Girty has 
given it. For instance, the introduction of new faunal elements, the sudden 
and nearly complete disappearance of the Fusulina, and the occurrence of 
Schwagerina bear the same relations to the early gypsum deposits and the 
development of the Red beds, in the Kansas section, as they do in the eastern 
part of European Russia. If I read the stratigraphic account of the Guada- 
lupes aright, it seems that the general considerations of the later Permian 
apply to them likewise. The unconformity, if such it be, carrying away the 
Capitan limestone from the flanks of the mountain of which it forms the 
top, and over the unconformity the deposition of the Castile gypsum, 
Rustler formation, and Red beds strongly suggest that the Guadalupe 
region was similarly affected with the region to the northward so far as a 
general Permian emergence is concerned. In this light the Guadalupian 
faunas must be largely contemporaneous with the Permian faunas of America 
and Eurasia. In the eyes of the reviewer, judging from figures and descrip- 
tions only, there is where their faunal relationships would also place them. 

The point is made that the faunas are so different that, if they are con- 
temporaneous with those of the Mississippi valley—of which Dr. Girty seems 
to be doubtful—they could not both be covered by a single general term [like 
Permian ?] for their designation. That they are quite distinct from any- 
thing yet brought to light on the continent will be granted at once by anyone 
familiar with the subject. The one is a cosmopolitan, open-sea, coastal- 
shelf fauna while the other is a more isolated epicontinental sea fauna rather 
thoroughly separated from its neighbor on the south and perhaps belonging 
to a different climatic zone. Should they prove to be equivalent in time 
I see no reason why they might not be covered by a single term of ordinal 
rank, their local geologic designations being sufficient to differentiate them. 

That it was impossible for the Guadalupian and Mississippi valley clear- 
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water faunas to intermingle to a considerable extent after the time repre- 
sented approximately by the Topeka limestone, unless by a circuitous 
route, no one acquainted with the geology of the intervening region would 
hesitate to state. 

It is very difficult to determine what Dr. Girty’s conclusion as to the 
relative age of the Guadalupian, Russian, and Kansan deposits is. It is 
very evident, however, from the bulk of his reasoning, that he considers 
both of the former younger than the Kansan deposits. It is also to be 
remembered that the book was written, and perhaps in type, before the 
later Kansas studies were published. He was also handicapped by the 
fact that he was without a personal field knowledge of the Kansas Permian 
deposits, and for this reason fails fully to appreciate the changed aspect of 
the fauna, noted by all the paleontologists who have studied the region, 
from Meek to Prosser. J. W. Beepe 


A Key jor the Determination oj Rock-jorming Minerals in Thin 
Sections. By ALBERT JOHANNSEN, PH.D. New York: John 
Wiley & Sons. 

This work contains about 540 pages of text and tables conveniently 
arranged for laboratory use. It is much more than a key, for all of the 
most useful optical methods are described in a concise manner, which 
will be appreciated by anyone who is engaged in the microscopic study of 
rock sections. It will be especially helpful to the geologist who uses 
petrology as an aid to the study of problems of general or economic geology 
and who finds it necessary to review his optics each year at the beginning of 
the period of office work. 

The arrangement of the tables is original and excellent. The first page 
of the table for each group is a diagram showing the birefringence, double 
refraction, and optical character of each numeral of the group. The color 
plate or table of birefringences in the back of the book is large enough to be 
useful and not too large to be handled conveniently. There is hardly a 
diagram or a table which is used by petrographers in everyday practice 
which is not given in the Key and the whole arrangement is designed to 
gain accuracy and save time. W. HE. 


Synopsis of Mineral Characters. By RALPH W. RICHARDS. New 
York: John Wiley & Sons. 

In this useful work of 100 pages the most important minerals are 

arranged alphabetically and their chief chemical and physical character- 
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istics are briefly stated. Emphasis is laid on the form, habit, cleavage 
hardness, and other physical qualities and such chemical tests as may be 
made by very simple methods. Reference is made to the pages upon which 
the minerals are described in Dana’s, More’s, and Parsons’ mineralogies. 
The work is a convenient aid in the mineralogical laboratory, and is very 
useful and sufficiently comprehensive for the prospector and for the mining 
engineer who may not wish to carry a larger volume. 


W. H. E. 


Geological Survey of New Jersey. Annual Report, 1907. By H. B. 
KUMMEL, State Geologist. 192 pp., 49 pls., 6 maps. Trenton, 
N. J., 1908. 

This report contains the following papers: ‘Inland Waterway from 
Cape May to Bay Head,” by H. B. Kiimmel and C. C. Vermeule; ‘“Im- 
provement of Manasquan Inlet,” by L. M. Haupt; ‘Mineral Industry 
with Statistics,’ by H. B. Kiimmel; and “‘Petrography of the Newark 
Igneous Rocks of New Jersey,” by J. V. Lewis. The last article constitutes 
the major portion of the bulletin. 5. 
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